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2 MIAITI, 


FOREWORD 


The information presented in this report was compiled and prepared by 


the following members of the Subcommittee, Energy and the Environment, 


Dr. K.E. Tempelmeyer (Chairman) Department of the Environment 


Mr. E.W. Stobart Department of the Environment 

Mr. M. Wood Devartment of the Environment 

Mr. W.L. Dick Ontario Water Resources Commission 
Dr. M.D. Palmer Ontario Water Resources Commission 
Mr. H.A. Clarke Ontario Water Resources Commission 
Mr. O.F. Hess Department of Natural Resources 
Dr. A. Emery Department of Natural Resources 
‘rs.D.L. Santo Department of Municipal Affairs 
Mr. T.B. Reynolds Ontario Hydro 

Mr. J. Beaulieu Task Force Hydro 

Mr. B. Kelly ; Pollution Probe 

Mr. W.P. Corking Consumers Association of Canada 


Lach of these committee members have drawn heavily upon colleagues in 
their organization for assistance in many forms and has contributed to 
the preparation of this report. 

The recommendations of this report, if implemented would have a major 
impact on the suoply of electrical eneray to the Province of Ontario and 
on the overall environmental auality over the next twenty vears. A 


representative from Ontario Hydro participated in all discussions and 
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deliberations of this subcommittee and generously supplied all infor- 
mation requested. The conclusions and recommendations of this study 
however snould not be interpreted as beina endorsed by the Hydroelectric 


Power Commission of Ontario. 
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PREAMBLE 


Increasing eneray consumption is only one of a number of buraeonina 
demands that man places on his physical environment. Although the pri- 
mary task of this subcommittee is to outline the environmental conse- 
quences of present and near-future energy consumption, it is deemed 
necessary to state explicitly that the lona-range solution to environ- 
mental degradation rests with politcial, social and economic value 
changes which recoanize the supremacy of the principles of nature and 


the need to live in harmony with them. 


In historical terms we view our recommendations as delayino tactics to 
correct some known environmental dearadations and to urae the adoption 

of amore conservationist strategy by government, business, and the 

general public in energy use. In so doina we recognize that for man 

to achieve a stable environmental harmony with nature, fundamental changes 
in policy and attitude toward consumption of all natural resources and 


the consequent dearadation must take place. 


The present task of reviewing the environmental effects associated with 
all asoects of the production and consumption of electricity has con- 

vinced this subcommittee of the need for the Ontario Government and the 
Hydroelectric Power Commission of Ontario to develop and imolement more 
effective environmental policies and programmes desianed not only to 

minimize the environmental effects of present activities but also to an- 
ticipate and requlate these activities in the future. Existing policies 


and programmes should be changed in recoanition that (1) decreased en- 
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vironmental quality normally accompanies increased consumotion, (2) im- 
proved pollution control and relatea technologies only provide short- 
term partial solutions, and (3) in the interim, consumers must expect 


to pay the full environmental costs of their electrical energy demands. 
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CONCLUSIONS 


I General Implications of Electrical Power Generation 


es 


Electrical-power-aeneration oraanizations in North America, both 


public and private, have not fully recognized their responsibility 
in the past to safeauard the quality of the environment, because 
their charters or terms of references are primarily concerned with 
producing electricity at low cost, and with economic development. 

As a result, the price of electric power, like many other consumer 
goods, does not reflect its true cost to the general public. A 
variety of water-quality, air-quality and land-use effects give 
rise to real, but hidden costs to the public. 

In the past five years power-aeneration companies have begun to 
recoonize their environmental imoacts and take measures to reduce 
them. However, the necessary technology is still not available to 
resolve many of the environmental problems of electrical power 
production. As a result, further environmental degradation will 
occur over the next decade and perhaps beyond due to the exponential 
arowth in electrical production. 

Tne existing dearadation of environmental quality, due to eneray 
use, iS localized in extent, but will probably become more wide- 
spread with increasing urbanization of Ontario. The extent to 
whicn this trend may be overcome in the 1980's will devend upon 
the incentives, forced or induced, to produce “clean power’. 

The cost of pollution-control measures required for "clean power" 


will increase the price of electrical power in the future. 
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I] Impact of Obtaining Fuels 


tL. 


Other countries and provinces #wi1l feel the need to implement 
control programmes on the industries which obtain and process 
fuel, in order to oreserve the quality of their own environment. 
This will continue to increase the cost of fuel which Ontario 
purcnases from outside the Province over the next two decades. 

The Onakawana lianite deposit car be developed with an acceptable 
impact on the environment, provided that the proper precautions 
are taken. The sulfur content of the liqnite on an equivalent 
energy basis is about 1 to 2%: therefore, sulfur abatement may 
Still be necessary if it is used in an urban area as a solid fuel. 
Lianite aasification near the deposit with appropriate emission 
controls may be carried out in tne lona-term with an acceptable 
impact to the local environment. The aas produced would be an en- 
vironmentally desirable fuel for Southern Ontario. 

Detailed information on the ecoloay of the James Bay area 1s Sparse. 
It is believed that the environment is much more fragile than 
Southern Ontario and careful studies are a prerequisite to larae- 
scale development of the area. 

Minina and milline of uranium has produced serious water-pollution 
oroblems in Ontario. Improved waste-nandlina techniques and con- 
trol methods usina existing technolocy are available and should 

be promoted. Emission of airborne radioactive substances can also 


be furtner reduced with improved nractices. 
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IV Impact of Generating Electrical Power 


i 


i en 


Electrical power aeneration from falling water, produced by dam- 
ming and diverting, has disruoted fish and aquatic ponulations, 
reduced aesthetic values and has occupied valuable land. Care- 
ful and complete ecological studies should be carried out prior 


to development of further water resources in Ontario. 


(b) Fossil-Fuel Electric Power 
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Fossil-fuel aenerating plants, supplying the needs of a larae urban 
area, represent cs major contributor to pocr or degraded air quality. 
Solid particulates are effectively controiled in Ontario, and the 
control equipment is now an accepted part of the generation equip- 
ment. Requlatorv aaencies are primarily concerned, at present, 
about the sulfur dioxide emissions from fossil-fuel! plants. There 
is also increasina interest in future controi of the oxides of 


nitrogen, as well as heavy metals. 


. Sulfur emission controls will be necessary ‘= some qeneratina sta- 


tions to achieve the specified ambient S0., levels over the next 
two decades. Substituting low-sulfur fuel and mechanical or chem- 
ical coal cleaning offers little lona-ranqe potential for reducing 
sulfur emissions. Flue-cas desulfurization should be practical by 
the end of this decade and provide sufficient sulfur removal which 
toaether with the oroper sitina of plants will allow the ambient 
SO. air standards to be achieved throuch 1991. Flue-qas. desul fur- 


ization wili increase power costs bv 5 to 10%. Coal gasification 
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appears to have the best long-range potential for reducing sulfur 
emissions. The United S:ates has undertaken a significant effort 
to develop this process as a means of producina an environmentally 
clean fuel. The technology, if not the coal gas itself, may be 
exported to Ontario. 

. Natural cas is an environmentally desirable fuel. Its limited 
supply would appear to dictate that it be conservatively used, in 
applications where other sulfur abatement methods would be pro- 
hibitively expensive or not presently avai !able. 

. Controls on the emissions of the oxides of nitrogen from power gen- 
eration stations may be expected bv the end of this decade. The 
necessity of controlling this air sollutant from nower generation 
plants may be laraelv dictated by the success of the abatement pro- 
aramme underway for automotive sources. Reductions in these emis- 
sions up to perhaps 50% can be presently achieved, but technoloay 
is develooina very slowly for the neariy cumplete removal of oxides 
of nitroagen. 

. Coal- and oil-fueled plants emit heavy metals and radioactive sub- 
Stances into the air due to impurities in fuel. At the present 
time, tne concentration of these pollutants from fuel burning can- 
not be distinguished from the backaround ambient levels due to 
other sources. These substances may have significant health and 
environmental effects which could represent a potential lona-range 
nazard. 

. Avart from waste-heat disposal, fossil-fuel olants imnact water 


quality throuch the addition of slimicides and other chemicals to 
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the water, by drainage problems around coal storage piles and by 
minor oi) soills. Also, wind-blown coal dust cives rise to air- 
quality problems. All of these problems should be manageable in 
the future. 

(c) Nuclear Electric Power 

1. The risk of a severe environmental impact due to a catastrophic 
failure at a nuclear power station is very smaii. It is not pos- 
sible to weiah it in comparison to the lona-terin environmental 
effects of fossil-fuel plants. 

2. The water and air radioactive emissions of nuclear olants on an 
annual basis are only 1 to 10% of the current allowable release 
limits. The present limits in effect provides a licence to pol- 
lute the air and water with radioactive wastes uo to a certain 
point and expose the public to radiation neediessiy. The nuclear 
industrv and nuclear power polants should reduce and minimize all 
releases of radioactive contaminants to the fuilest extent that 
is both technically and economically possible. itie release limits 


should be immediately reduced to the jowest practicable levels. 


(d) Disposal of Thermal Wastes 

1. Both nuclear and fossil-fuel plants must dispose of up to 70% of 
their input energy as waste heat. At the present time, this is 
primarily achieved in Ontario by discharging heat into lake waters. 
Tne discharae of waste heat into the environment will increase 
proportionally to the increase in eneray consumed by electrical 


power generation facilities. 
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2. Although the utilization of waste heat is hiahly desirable, the 
prospects of its beneficial use with existing plants is dim. Even 
for Pitre power stations, a completely revised plant design con- 
cept would have to be integrated with a particular concept for 
vaste-heat utilization. Coolina water would probably have to be 
discharged at higher temperatures and consequentlv the plant 
efficiency considerably reduced to fine reasonable uses of waste 
heat. Moreover, the quantities of cooling water needed are tremen- 
dous, and there is concern that their use may alter circulatory 
patterns in some lake areas. 

3. Up to the year 2000, siqnificant increases of the temperatures of 
Lakes Ontario, Huron and Superior, due to the rejection of waste 
heat, may occur near the shoreline in the vicinity of once-through, 
water-cooled generating stations, particularly near the outflow 
from the stations. Shoreline reqions however, are particularly im- 
portant to the aquatic ecoloay. The future siting of plants, using 
once-through coolina, may alter certain desirable asvects of the 
aquatic environment up to 3 to 5 miles from the plant. However, in 
certain areas heating the water can provide beneficial effects by 
improvina circulation patterns, and by increasing recreational 


potential. 


Addition of waste heat in the western and central basins of Lake 
Erie is undesirable. Several portions of Lake Erie already have 
serious water-quality problems which would be compounded by further 


heat addition. There is a possibility that the International Joint 
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Commission mav recommend a restriction on waste-heat disposal 
and/or temperature rise in the waters of the Great Lakes. If 
Ontario accents this, it would siqnificantly affect nresent and 
future power stations located on the lakes. 

9. Large evaporative wet coolino-towers anpear to be an alternative 
to once- through coolino in (mtario. They are not expected to cause 
foq or ice prob]ems exceot in their immediate vicinity, when un- 
usual atmospheric conditions exist. A buffer zone around the sta- 
tion site would minimize the imnact of this problem. The winter 
temperatures in Ontario could result in laraqer and persistent 
vapour plumes. The environmental impact of such plumes should be 


studied. 


(e) Comparisons 

1. The environmental impact of power plants whether nuclear, fossil- 
fuel or hvdro is a matter of local and reaional concern. It is not 
possible, at the present time, to adenuately control all of their 
environmental problems by application of existing technology. Con- 
sequently, the conservation of electricity would reduce the arowina 
degradation of our environmental quality. An advertising and price 
policy could discourage inefficient uses of electricity and assist 


in decreasing environmental dearadation. 


aw) 


. Hydroelectric plants cannot satisfy the future demand for power. 
Tnermal plants using natural aas have a comparatively low environ- 
mental impact, but the limited supplies of natural gas preclude their 
use in the future except in special problem areas. Canadian natural 


aas reserves should be retained for Canadian use. 
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3. The basic choice for power generation which can supply the need 


at present is between (1) nuclear, (2) coal- or (3) oil-fuel 
plants. A CANDU nuclear nlant appears to offer the lowest over- 
all impact to the environment of these choices when all factors 
are compared. In some areas cooling towers could replace once- 
through cooling and produce a lesser overall impact on the en- 


vironment. 


. It is difficult to compare the cost of continuing to generate 


electricity, as we have in the past, with the cost of environ- 
mentally clean energy. All of the needed information is not 
available or is imoossible to assess for Ontario. However, as 
one example, in the U.S.A. it has been estimated that total cost 
to human health, vegetation, materials and property can be cal- 
culated at 10¢ per Ib of SO, emitted. This cost is believed to 
be greater than authoritative estimates of the cost of flue-gas 


desulfurization. 


V Impact on Land Use 


is 


There is increasing public concern about the "aesthetic impact" of 
transmission lines and tall stacks. There will be concern about 
the aesthetics of cooling towers. Public education and involve- 
ment of the needs and alternatives would increase ie acceptance 


of stacks, towers and lines. 


Transmission line riahts-of-way use land areas of about 100 acres 
per mile. Eneray corridors (combined access of transmission lines, 
pipelines, rail lines) may make better overall use of the land, 

but are difficult to achieve. Inasmuch as fossil-fuel plants con- 


tribute greatly to urban air-quality degradation and all pollutant 
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emissions can not be adequately controlled, isolatedpower stations 
with the attendant price of longer transmission lines are the 

better environmental strategy provided that the transmission lines 
are planned for minimum impact. 

In the past, tne routing of transmission lines has consumed val- 
uable woodland in Southern Ontario. Rights-of-way have adversely 
affected recreational, wildlife and historic areas. In some areas 
forest cover has also bee reduced below a desirable level. The 
clearina and maintenance of riahts-of-way has produced several 
problems. Improved planning considering scenic and aesthetic values, 


wildlife habitat and multi-purvose uses is possible at this time. 


. Hydroelectric development has decreased the mileage of "wild rivers" 


in Ontario, altered aquatic life and migration, changed river beds 
and altered the surrounding landscape. Some water-power developments 
however, have been beneficial in providing additional recreational 
values in the areas involved. However, water-level fluctuations 


are detrimental to the values created. 


. The disposal of radioactive wastes, as well as chemical compounds 


formed in future flue-aas cleanino methods, will produce increasina 
problems in the future. Immediate attention should be given to the 
lono-ranae radioactive disnosal problems for Ontario, as well as to 


the leqal implications of the Ontario responsibility for disposal. 


VI Legal Aspects 


ie 


Environmental leqislation enacted bv the Province of Ontario is 
the most extensive and comprehensive existina in Canada. The 
federal prooramme is just qettina underway and its scope and im- 


pact can not yet be foreseen. 
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1. 


The United States has enacted or is considering several novel 
measures including (1) mandatory preparation of environmental 
impact statements that become part of the public record before 

a project or programme is undertaken, (2) taxing certain types of 
pollutant emissions or fuel additives, (3) settina maximum emis- 
sion levels from fossil-fuel power ceneration stations and (4) 


establishing rules for power plant siting with public hearings. 


Environmental Quality - 1991 


In order to maintain reasonable air qualitv in Ontario to 1991, 
fossil-fuel plants should be sited no closer than 30 miles apart 
and at least 30 miles from the areas of (1) the Toronto region, 
(2) Hamilton, (3) Windsor, (4) Sarnia, (5) Sudbury and (6) other 
special areas until extensive vollutant control systems become 
available and are used. 

The strateqv of abatement and contro! of air and water pollutants 
is highly preferred over the strategy of dilution. 

The water quality in the Great Lakes in the years to 1991 will 
largely deoend upon the Canadian and American effort undertaken 
in accordance to the recommendations of the International Joint 


Commission. 


Lonaer-Ranae Implications 
There are definite limits to exnonential arowth patterns which 
induce a stress on the environment, including the exponential 


arowth of electrical power-qeneration capacity. 
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Modest climatic changes are now occurring in urban areas. This 
trend will continue and cover wider and wider areas. Global 
climate changes of major proportions are not likely by the end 
of this century but appear to be a distinct possibility ina 


hundred years or so. 


. A complex computer model of global dynamics by Jay Forrester 


predicts some disturbing consequences by the middle part of 

tne next century in which the growth of the giobal society is 
limited by the depletion of natural resources or by a "nollution 
crisis". A stable global situation according to his model will 
only result by some form of a "zero growth" society. His model 
is based upon many assumptions which are currently being ques- 
tioned and investigated; however, it is receiving world-wide 


attention. 
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RECOMMENDATIONS 


An assessment of the environmental impact of electrical power generation 


has resulted in the following recommendations: 


PART I Decision-Making and Reguiation. 

It is believed that Ontario Hydro has beaun to move in the direction to 
Peteract more stronqly with Provincial Government Departments on environ- 
mental matters. Policy should be established and _imolemented to assure, 


(a) proper consideration of environmental problems, (b) more public in- 


volvement and (c) uniformity in energy policy as it impacts the environ 


ment. 


1. Environmental Impact Statements 

It is recommended that the Cntario Government establish a policy of re- 
quiring that Environmental Impact Statements be completed and evaluated 
before the implementation of anv new programmes or projects which would 
Sionificantly affect the environment. This reaufrement specificiallv re- 
commended for Ontario Hydro, is also suggested for other nrojects and 
proorammes, both public and private, which involve eneray consumption and 
mav have a sianificant impact on the environment. The statement should 
establisn tne need for the project, oredict environmental consequences , 
and indicate the alternatives examined. The statement must plav a real 
part in the decision-making process and should not be orepared merely to 
justify decisions already made. If requested, the ACE Energy and the 
Environment Subcommittee could undertake the design of this format at 


some future date. 
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2. Public Involvement 
It is recommended that the fact-finding and decision-making processes 

for plant siting, environmental implications, production capacity, rate 
structure, transmission line rights-of-way, etc. be shared with the public. The 
Environmental Impact Statements and comments on them from government aaencies 
Should become public information and an official public hearing should be 
held where the public and citizen qroups can express their views in an 
effective manner. 

3. Continuity and Review 

It is recommended that some mechanism be established whereby there is 

(a) a continuity and assessment of policy with regard to environmental 
protection and (b) a review process for existing plants and installations. 
The review process should take place when required at the option of the 
appropriate regulatory authority and may include the preparation of a 
modified form of Environmental Impact Statement and a public hearina. 

4. Tne Role of Existing Requlatory Agencies 

It_is recommended that the existing requlatory agencies of the Provincial 
Government (porincipally the Departments of the Environment, Natural Re- 
sources, and Health) continue to establish the criteria for achieving and 
improving the quality of our environment in all respects. There is, how- 
ever, a need to co-ordinate the activities and responsibilities of these 
agencies as they pertain to Ontario Hydro, especially in the area of 


establishina criteria for and evaluation of Environmental Impact Statements. 


Ontario Hydro should work closely with these departments in: 


(a) site pre-selection environmental studies 
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(b) ecological studies 
(c) evaluation of abatement methods 
(d) monitoring programmes 


(e) all other programmes of common environmental interest. 


Moreover, it is recommended that Ontario continue its efforts to estab- 


lish multi-lateral criteria and control programmes with appropriate 


States to improve the environmental quality in international boundary 


regions. 


5. Ontario Hydro's Environmental Role 

Since the Commission is an agency of the Ontario government and the 

government's stated policy is to provide adequate eneray supplies and 

to achieve a satisfactory environmental quality, the operation of 

Ontario Hydro should stronaly imolement both aspects of this policy. 

(a) Consequently, it is recommended, that as a public commission, 

Hydro should not consider the environment a “free aood" and 
in fact should lead the way in this important change in bus- 
iness attitude and poeration. Increased electrical power gen- 
eration will result in more widespread environmental degrada- 
tion in the future. Recognizina and accounting for external 
diseconomies is an important first step towards improved en- 


vironmental quality. It would also aid in resolvina the basic 


conflict between power qeneration and environmental quality. 


(b) It is recommended that advertising, marketing policies and rate 
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structures be desianed to encourage conservation of electrical 


eneray by limiting the unneéssary and inefficient demands 
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(b) ecological studies 
(c) evaluation of abatement methods 
(d) monitoring programmes 


(e) all other programmes of common environmental interest. 


Moreover, it is recommended that Ontario continue its efforts to estab- 
lish _multi-lateral criteria and control programmes with appropriate 
States to improve the environmental quality in international boundary 


regions. 


5. Ontario Hydro's Environmental Role 
Since the Commission is an aaency of the Ontario government and the 
government's stated volicv is to provide adequate eneray supplies and 
to achieve a satisfactory environmental auality, the operation of 
Ontario Hydro should stronaly imolement both aspects of this policy. 
(a) Consequently, it is recommended, that as _a public commission, 
Hydro should not consider the environment a “free aood" and 
in fact should lead the way in this important change in bus~ 
iness attitude and operation. Increased electrical power gen- 
eration will result in more widespread envi ronmental degrada- 
tion in the future. Recognizina and accounting for external 
diseconomies is an important first step towards improved en- 
vironmental quality. It would also aid in regolvina the basic 
conflict between power aeneration and environmental quality. 
(b) It is recommended that advertising, marketing policies and rate 
structures be desianed to encourage conservation of electrical 


eneray by limiting the unneéssary and inefficient demands 
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for electricity as long as the production of electrical power 
has a siqnificant impact on the environment as it does now. 
A pricina policy for electrical power shouid also encourage 
the use of pollution abatement equipment by industry and 
municipalities thus shiftina consumer preference away from 
products which use electricity inetficientiy and therefore 
have a larger impact on environmental quaiity. The Commis- 
sion should be judged not only on how efriciently and econ- 
omically electrical power is produced, but also on how effec- 
tive it is at minimizing its overall impact on the environ- 
ment while supplyina the basic electrical power needs of 


the Province: 


PART II Implementation of Recommended Policies for 
Decision-Making and Regulation Dee 


It is recommended that a specific procedure or organization be identified 
en ee aa en ee an ee epeen Steen npouraenats Senbsheremnmbties, Aipiec'cssmninaeatper en ; mae eomsens ere ciaes a pn a 


to_ carry out the policies recommended above. 


This might be achieved in a number of ways, but two specific sugaestions 
are outlined below; 

(1) Tne Minister of the Resource Development Policy Field or the 
Minister of the Uepartment of the Environment should be re- 
sponsible for implementing the administration and co-ordination 
of the Environmental Impact Statements, utilizing Ministers and 
personnel in various Venartments in his Policy Field, as well 
as from other Policv Fields. He would request the preparation 


of Environmental Impact Statements for existing installations 


XX 


Pe ee mca Corey rere ee 


“mroteredt bas ¥ snatat | : 
_ imo ei Seite arabes ) 
~noIe bas vitoatatits wor a0 vine wh cia 
 =9e?%e wod no offs sud _baoubor9 et woe nies 


“nen tvas ott? no so6qnt {Terao 2a) ontsimtaim £6. a ab 


7% ahesn +awou tsprrizele stead orld entelanut ote 


P , lad ol ha? 
30? estat [od babaemmaosk va aod 


nottefupe® bas patieenotetgedss| © 


- 
a i ; 


bart isnabi od fn oat du ASHYO TO siubesore ai tasae 8 Jedd hebpommnasy zt. 


.oveds babnemsorey 5 totfoa: end uo xy762 98 
ake 


2nots zeopue ottioea owt tud , aveH Yo ysdmn ¢ at bivelios od ee 
~ pwofed bent tg 


ef3 vo bfatt.yorfo tnemnofevad aa wozor ald Yo Yes2tnimM-onT. a ® 


= od. bluaqde Jmamaottyny 93 %o Inemiisael sat Yo wed2inth - | 
anottsntbre-09 baa aotiatietntmbs. ans pnt saenetant “ot sfdrenoo2 s 
bas evade tain, ontst tidy o 23 nomated¢ tsa! lednamnet twas eft to | 


_ftew es ,b{9t3 yatios 2id al zdnomi vena) ewohy6y at fonnozr94 


Beye 
vers 


notsexrsastq 9n3 sh unt diyaw oH .abfert yvatfo vaio eae" a 
2notiat {stent ontaetas yo etnemets32 Io8qn! tastemon tend Yo \ 


ay 


when deemed necessary in consultation with other Ministers. 
After the Environmental Impact Statement is prepared by the 
submitting agency, it is circulated by the Minister or his 
designate to appropriate governmenta] agencies in all Policy 
Fields for comment and evaluation. He would also have the 
responsibility for establishing the required public hearings 

and he or his designate together with his staff and advisors 
would have the independent responsibility for reviewing and 
evaluating the Impact Statement and ali comments (qovernmental 
and public), oublishing their conclusions and renortina and 
advising the Policy and Priorities Board and the Provincial 
Cabinet on apnropriate action. This method has the advantage 

of making use of tne existing aovernment framework. 
Alternatively, a broac-based energy regulatory board could be 
established by law to consider all asoects of eneray use in 
Ontario and witn the authority to approve and reject proposals. 
Consideration of environmental issues throuah the impact state- 
ments would only be one aspect of tne board's activities. Other 
activities could include, reserve forecastina, resource developing, 
price structure, etc. It could be made up by appointment of 
specialists in many fields (enaineerina, economics, law, ecoloay, 
etc.) and reoresentatives of the public. The board would (1) 
utilize experts in appropriate covernment acencies to assist in 
the evaluation of the environmental impact statements or other 


material, (2) nold public hearinas on all aspects of eneray use, 
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and (3) request additional studies if necessarv. Positive 
decisions by the board to nroceed would be referred to the 
Cabinet so that additional factors could be weiqhed before a 
final decision is reached. A nenative decision of the board 
not to nroceed for technical reasons would require no further 
action. This approach has the advantages that it considers 
environmental oroblems in a broader context and may fit into 
a broader nolicy recommendation. 

(3) If judical public hearings are adopted, for the purvose of im- 
plementina the above or other anproaches to increase public in- 


volvement, free leqal council snould be provided to the public. 


PART IIT Recommended Research and [evelooment Work 

1. Expansion of the Commission's Environmental Programme 

Ontario Hydro has an internal research and develooment proaramme in pol- 
lution control, supports work in other oraanizations and employs environ- 
mental consultants. Nevertheless, their programme is believed to be 
modest in comparison to what must be done to find near-future solutions 
to the pressing environmental problems associated with electrical power 


production. It is recommended that Ontario Hydro carry out or support 


a a ND 
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energy generation centers being planned by the Commission. Some areas 
requirina research are (a) the effects of larae onshore discharges of 


coolina water on lake currents and ecosystems, (b) analytical and exoeri- 
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mental investigation of the potential of icing and fogging from coolina 
towers and laqoons and investinations of the aerodynamic interference 

of the coolina tower on its discharae plume, (c) undertaking of conceptual 
studies of the beneficial uses of waste heat, and (d) investiqation of 


optimum methods for providing electrical power. 


The Commission already has research and development work underway in 
pollution control, but the problems are of sufficient importance that 
their existing programme should be increased several-fold. It is re- 


commended that additional environmental studies be carried out for 


~~ = ee 


to the generation and transmission of electrical power, (2) the conduct 
of ecological studies needed for plant siting or the development of new 
energy resources, (3) the develonment of pollution abatement equipment 


and systems for power stations, (4) the construction and evaluation of 


produce electrical energy for larae-scale use. 

Several soecific suqaestions are made in the body of the report. An ex- 
panded investiqation of the removal of sulfur dioxide and oxides of 
nitrogen from flue aases, the study of fluidized-bed combustors, the 
development of new transmission methods or underaround cables are note- 
wortny among these. Because the Commission can not be expected to work 
extensively toward the solution of all environmental problems associated 
with electrical mower production, the reaulatory aaencies could aid in 
estatlisning priorities so that necessary environmental quality aoals 
may be achieved. Further, Ontario cannot afford to await for these orob- 


lems to be solved elsewhere. 
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2. Development of Onakawana Lignite Deposits 

The iiorthern Ontario environment is believed to be fragile with respect 

to environmental stress. If the Onakawana lignite deposits are developed, 
it_is recommended that this development be Strictly controlled to ensure 


a_minimum environmental] impact. In addition, Environmental Impact State- 


ments are recommended for al] eneray developments such as this. Such 
2) Rae ear Hae r= ee ee ees, Such as. this .. 
development should be Dreceded by complete ecological and environmental 


Studies. 


The gasification of this lignite would ensure an environmentally desirable 


fuel for Ontario. Consequently, it is further recommended that an on- 


Site lignite gasification plant be considered in the development of this 
resource, and that the research and development work needed to promote 
this development concept be undertaken. 


PART IV Future Power Generation Systems 

1. Generation Plants with Mi nimum Environmental Impact 

Each type of generating plant produces a very different kind of impact on 
the environment. As a result, it is difficult to make meaninoful com- 
parisons. Nevertheless, it is believed that a nuclear plant usina the 
CANCU svstem will produce a lower overall] £nvironmental impact than other 
contemporary nower generation systems. Furthermore, it appears that 
natural-draft, evanorative-type cooling towers, particularly in con- 


junction with a nuclear plant, may provide a coolina method with lower 


environmental imnact for some areas. 


It is not vossible to generalize and recommend a minimum impact power 
plant system for all locations. However, based on present technoloay 


Oe ae ees 


and environmental considerations, nuclear plants are generally preferable 
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provided 
(a) 
(b) 


(c) 


the following steps are also taken: 

Uranium mining practices recommended below are followed. 
The release limits of radioactive emissions into the water 
and air are reduced to the lowest practicable levels. 
Methods to disoose of radioactive wastes from an expanded 
nuclear power-ceneration industrv in the next two decades 


are carefully investicated now. 


In addition, pilot studies should be undertaken for Ontario conditions 


of the water-vanour plume from coolina towers. 


The following guidelines are recommended; _ 


(a) 


(d) 


To imorove air quality - the installation of future coak or 
oil-fired palnts be avoided in the southern portion of the 
Toronto Centered Region and in any case larae fossil-fuel 
power generation centers of 4000 MW and qreater not be 

Spaced less than 30 miles apart in other reaions. 

To improve air auality - natural aas should be reserved for use 
where other emission control measures are not practical. Its 
use is not recommended for future ceneration stations where 
other control methods can be emnloyed. 

To improve air quality - Ontario should strive to achieve a 
Canadian volicy of retainina environmentally desirable 


natural gas for Canadian use. 


To improve vater quality - once-through cooling not be allowed 


for future plants sited on the Western Basin of Lake Erie. 
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(e) To maintain water qualitv - in other areas where harmful 
effects can be predicted, alternative coolina facilities, 
wnich will not seriously impact the aquatic environment, 
should be employed. In those instances where potential 
harmful effects may exist, but cannot be clearly pre- 
dicted, nower nlants should be initially designed so that 
alternate cooling facilities can be added at such time 
as evidence indicates sianificant adverse effects. 

Coolina water discharaes should ee ie local existina 
circulation patterns such tnat other water uses are ser- 
jously depreciated, or spawning and fishina qrounds are 
affected. 
2. Hydroelectric Plants 
Ontariotlydro has paid anoroximatelv [45 million in the past five year 
in Water Power Rentals to the Province for the riqht to employ Crown 
Land in the production of hydroelectric power. It is recommended that 
a_ portion of the funds from Water Power Rentals in the future be made 


available for renairina the environmental damage caused by hydroelectric 


plants, to incease the fishery, to clean up headponds, to renair erosion 


and siltation damage and to create recreational multiple-use facilities. 


In the future for development of hydroelectric plants, the following stens 


are recommended, 
(a) Lona-term studies are necessary to investigate future water 
needs and the potential consequences of major diversions. 


iin Environmental Imoact Statement be required for the 
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develooment of future hydroelectric power developments. Lt 
may include or specify the comoletion of an ecological study 
of the reaion. 

(»b) Land should be purchased and manaaed for oublic access, boat- 
launching, shore fishing and other facilities within the 
reservoir and upstream, and when nractical, reservoir levels 
should be maintained for ontimal recreational benefits. 

(c) Flows should be maintained to ensure upstream miarations and 
Spawning and culture of fish in downstream waters. When 
spawning habitat is lost, stockina and spawnina channels be 
provided. 

(d) Water quality should be maintained during construction and 
clear-cuttina to above floodwaters and removal of timber 
should be made in every reservoir to accented standards. 

(e) The losses and impact to Indian bands, whose heritage and 
wav-of-life depend upon the waters, be minimized. 

(f) The overburden from stream diversion or deevening should be 


transferred to depressions or diked areas. 


PART V Broad-base Policy 
1. Control of Radioactive Releases 


It is recommended that future extraction of uranium ores take place with 


adequate environmental protection. The following steps are necessary 
for the protection of environmental qualitv in the mining areas; 
(a) Stablization and maintenance of all abandoned tailings areas 


to secure, in nervetuity, their containment including isola- 
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tion and cover, and erosion control. Collection and treatment 
of seepage and runoff should be provided by the mining com- 
panies or their successors responsible for the disposal 
Sites. Provincial legislation dealing with stablization of 
tailinas areas by veaetation or other methods should be 
extended to include abandoned areas and, as required, treat- 
ment of Seenage and runoff. 

(b) tiining companies should pursue the use of improved process 
and waste treatment techniques such as sulfide removal. 
Priority should also be given to the control of pH and toxic 
comnounds such as heavy metals and ammonia. 

(c) Use of lake basins for containment of tailings at new mining 
locations should be pvrohibited. 

(d) Further studies are needed to examine the total human intake 
of radioactivity through air, food and water in those areas 
where waters containina sianificant quantities of radio- 
nuclides are used for domestic water suppiv. It is expected 
that the radiation dose resulting from short-term use of these 
Supnlies mav not present a siqnificant hazard to health; how- 
ever, it would be advisable to consider alternate supplies 
since any unnecessary exposure to radioactivity should be 


avoided. 


In view of the growino consumption of energy and the existence of other 


creasing nuclear power capacity, it is recommended that the following 
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policies be adopted; 

(a) Radioactivity in the aquatic and atmospheric environments 
attributable to controlled releases from all operations should 
be kept to the lowest practicabie level. 

(b) All release levels should be carefully reviewed periodically 
and revised so that the build-up of long-lived radioactivity 
in the environment should not unwittinaly become a legacy for 
future generations. 

(c) From an environmental viewpoint the use of breeder reactors 
should be discouraged in Ontario. Further, the environmental 
impact of fuel-reprocessina plants and uranium-enrichment 
plants should be carefully evaluated and very low radioactive 
release levels established before they are allowed to overate 
in Ontario. 

(d) The total amount of radioactivity in the sediments, water 
and biota of the Great Lakes should not be allowed to increase 
by the discharges from future nucicar power plants. 

(e) Contingency plans to cover mass evacuation from nearby pop- 
ulated areas in the event of (a) leakage from a nearby 
nuclear aeneratina station or (b) from a heavy water plant, 
be periodically reviewed as population trends change over the 


next two decades. 


2. Contingency Planning for Fuel Snills 


To minimize the adverse effects which would almost certainly result from 
a major soill of fuel oil or other hazardous materials, it is recommended 


ee ee 


that contingency planning activities receive a high priority within the 
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Ontario Government and that an effective response capability be devel- 
oped. 

3.. Land use Planning 

It is recommended that the Ontario government promote Where consistent 
with reliability of service) the concept of "the energy corridor’, 
qroupina transmission lines, pipelines, transportation lines tonether, 
thereby reducing the amount of land needed for utility easements. dv 
havina multi-utility easements planned in such a manner, the corridors 
can offer additional and needed recreational areas and also can provide 
rapid-transit riohts-of-wav in urban areas. The following recommendations 
are made with respect to transmission line routina and procedures: 

(a) Develoo techniques directed toward the future replacement of 
major transmission lines with underaround cables in some areas. 

(b) Intensify studies on multiple use and utilize riahts-of-way for 
recreational purposes. /ccelerate studies on how to obtain 
additional multiple use values from transmission lines bv es- 
tablishina and maintaining low cover for wildlife habitat and 
food. 

(c) Route transmission line corridors to minimize destruction of 
valuable woodlands and to avoid snecial interest areas of eco- 
locical and/or historic sianificance. 

(d) Intensify studies to maintain or imnrove the aesthetic values 
of power generatina installations and field operations by 
sculpturing, visual screening, etc. Where feasible, replace 


lines over water by submarine cables. 


XXX 


‘Inetziaago ovate atanorg tnemen oven 2) a 


ee Pie he tes 


» abreast SA at 


. ‘us 
mene “tobirios yrrans ‘oft Yo Jawaites * ont? (aatvnae ae ¥t ie, ait 


a - a — + ———— 
_ - : ~ ae - iT 
“ , 13079003 25nTt Notisrrvogsenass Ont foOra. ceentt not eztmennnd 
: -_ ® - W _ 
Vu etramsnne voll igu 4o? bebesn bral to snack say pnt oubé vd 
sTObiITOD of? ,tonnem & Move nt beansla stnanezse vet tigu-Pla 


rae 


} “rt ¥ “ ie 
wD PV YT my) Oth 


ii 
mk 2peve lsnotsserse4 babean bas fenolt cabs s 


‘ ‘ oi on 7 = -/ 

2n0TJ 6bhanmoeass ohiwelig? < 6976 NESW AI vew-TO-22nery 7 henew bros 
« : , uD 

(2S WOAI9 Oh HATIaN ent! nofezimengys OF Joo07e7 Netw Sb BE . 


4 '" co * * ae 
tO Jnemece der syysyt one trewad bedoerib ezaunrtnaiagd « ats 


- 


- 


+789%5 She Hi esldea Sovervotshhy ddtw eentl molaztmeneyd woken 
ret, 
YOY Yar-?o~ 29 0) r| v be sau ofabtfum no estouse vitensinl (a) 
, . ee 7 
ntetdo OF whe a ; ue etayafas 4 26700408 fenortesioes | 

F e 
to VO gun! molerimines? may? eoulev seu slatofum fsagisibte: 
ra " 
on6 Festal! etiltbliw + VO0 WOl oniafsaiatam Bab hatde trees i] 


. apis boat 


, 
70 AOriju? 2ab Iminin of ev6ble10n aati ng Foe imanery S7ue v } 


4 ' 


034 ba’ reera 2204907 Kn} f6lasae prove nh bane rong Ibe ORE of d5ule - 
: a | 7 
ine 2 soraaretnote >fyo7 2tr 16 DNS feotoot | 
TN e (la a 
me foul ay >) Panter B Ssny svoranr vo nfazatan of $9 Fy te iensam) (B) YF 
an 


- vd anotisisqo biel? bas enolyetliatent naldessnen woven 96 
on 

" : ; _ as a 

7 . S>b1GEY .SIGtaae? sei! 6398 /HninesIoe Tauary ,omirergiune © 

5 


‘ asi Se 
\.29tdaa sntvaemdye vo sete avn’ 2! wr 


(e) Locate large enerav centers to avoid conflict with designated 


wilderness areas and "wild" rivers. 


4. Solid Waste Disposal 


(a) Investigations should be initiated to determine the overall 
impact of the disposal of radioactive wastes as well as 
chemical compounds formed as a result of future flue gas 
cleaning methods. 

(b) A study should be undertaken to determine if Ontario may 
wastes and whether the present division of resnonsibility 
for control of the disnosal of such waste with the Federal 


Government will be adequate in the future. 


5. Long-Range Implications 


Ontario Hvdro together with other agencies of the provincial aovern- 
ment should assume the resnonsibility for verv tona-range studies of 
the consequences of exponential growth, energy consumption and elec- 
trical power aeneration. The conflict between our way-of-life and 
the environment is no sharper than in the consumption of energy re- 
sources. These long-range trends should be forecast and shared with 


the public. 
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Section I 


INTRODUCTION 


In North America and elsewhere in the industrialized world we have placed 
a high priority on convenience and consumer goods. The conflicts between 
consumption patterns, the growth which many people appear to want and the 
environmental insult which we all would like to avoid is, perhaps, sharper 
for tne consumption of energy tnan for anv other resource. Everyone wants 
to use as much electricity as he needs, whenever he wants it, to power a 
wide variety of gadgets, yet, fev peoole like the siaht of a power plant 
with its discharges into the environment or its transmission lines. Sim- 
ilarly, nearly everyone desires an automobile or two for his own trans- 
portation, yet no one consciously wishes to contribute to air pollution 

or traffic congestion. Because of the crowing opposition in North America 
to the location of power plants and opposition to the expansion of free- 
way systems in our urban areas, it must be concluded that, for an increasina 
number of people, these services are no long acceptable, under the terms 
offered. The general public is becoming aware of the hidden costs of de- 


aradina the environment. 


The use or conversion of energy completely vervades our daily lives and at 
the same time poses almost every type of environmental problem we face. 
There is probably no moreimportant sinale area for which environmental 
protection and lona-range planning should be emphasized than in the use 

of our eneray resources. Although it is not possible to eliminate all 
environmental effects from energy use, it is practical to minimize these 


effects by jona-range planning, selective sitina, careful design and con- 


. 1), a me _ | wo, 
: ae \“ sua i ws eee 
ar sie ek ae am he eke 
itd bne dine 0d sBs0ce Bhosle sae ES 
seerene , eqereq vat btovs of avht biuow tre a mu sort habs 
2snéw snoyrev3s §.soqwoses FeIO. vaW TOF HEM vpTENe Yoo co on 
5 sw} Of , FF Zinsw ont yavenarlw , 2o6en od e6 Salsas 4 
jase Yeuoq 6 Fo Froese sts vil slooaa Wet rey ghia. 
<nt2i2ontl dobezinenses ett +0 tnemiottves art offal zaprsitoeth ett if at . 


a. 
oes 
a 
| 


= 7 
= 


~2081d nwo 2th a0) owl VO af ?domotus Ws asThesb anoyisvs vivoan ytna! 

nottulloq tts af studtagnoo a1 eodetw yfavetoaned sno én Ssy epee 

BiMeRA Neyo Ai natrieagqo pntworw oly To seunaed no ttenpn0a ah ey3 <n 

-9617 39 notanecas: sty at nats teoqgo: bas 2dne iq swam to nortsoo! oan 

ontassvon? mh 10? , Jer bobofonep od Jeum 3! ,2sev8 med wont mod vB YEW 

fj amiss sat vetin .etdatesaa6 eal er eoatvise seent ,ofqosq t6 vedmin ' | 
oh 19 ¢2e8> NedoIM ord te avers Pnimosad zt sifdua fsvsaep ert bes 


; .Inennot bene 9tiy on 


de bas 2ovil yfleb wo eebsvesa ylatslauts vp rene Yo dofevevned yo’ sai r 
9267 de meidorw Tatrommoitvne }o sayt veers teomle ze20q ‘arty omez 9 it 


latremmativew ristdw vot seve efonte 2nstvogmt irom on vidaderq et ovenT eee 
Seu ord wt mand besheatiqns ad blucrz2 ontnansiq shney-erot bns “oa a fine 
{fs otenimtia of afdtasog jon at 3¢ ApwornstA . 2e71worSs yoTSNe Wo Yo. is 

ion) 


seen? siiminiw of Ieo'toavq zt 3t , sau vovens mov) zioslte fsdnamnor tyne. 
—_ 


“N02 bis nptasb (uteiss ,onfit2'svijosise .patnasle sone v-paal vd 22287?s 


Struction, optimizing operating practices and incorporating new tech- 


nology as it evolves. 


Until quite recently the selection of fuel for any use was only a matter 
of choosing one with the lowest apparent cost. Our rising environmental 
concerns nave altered the traditional concept of what is desirable. To- 
day, selectina a fuel involves considering the effects on the air, water 
and land of (1) obtainina it, (2) processing and transporting it and 

(3) utilizing it. This presents a multitude of complex problems, since 
the primary energy sources, coal, oi], natural gas, nuclear fuel and 
hydraulic power have vastly different environmental effects. Consequently, 
trade-off decisions which should be made between the different eneray 
sources to minimize the environmental impact are not at all straicht- 
forward or easy. Based on the technical trends rough cost estimates may 
be made for pollution control in the future. However, it is not possible 
to quantify the hidden costs of pollution and estimate the price of con- 


tinuina as we have in the past. 


There are two aeneral approaches to our environmental problems. The first 
proposes that technological improvements can be made and can reduce the 
environmental impact of energy use to tolerable levels. The second ap- 
proach questions our per capita consumption levels and suaqests popula- 
tion be controlled until an ecologically balanced society results. People 
may in the future have to forego some conveniences and nay higher prices 
for certain aoods and services, including energy. Present-day public 
opinion appears to favour the first approach and the bulk of this report 


is concerned with the means by which this approach may be achievable, in- 
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asmuch as it may offer the most palatable strateay for the near future. 
However, a arowing number of people support the second method, which 7s 
now a matter of debate involving a basic chance in the structure of our 
society. This view will probabiy gain wider acceptance as more and per- 


haps irreversible changes of the environment are observed. 


For the purposes of this study, a provisiona! energy consumption fore- 
cast has been prepared (Figure 1). It is bas*d on an exponential growth 
for the next twenty years. Clearlv, any society cannot continue to ex- 
pand in this manner over a period of time. This report summarizes rel- 
event information on the environmental impact of eneray use in Ontario 
for the next twenty years as outlined in Table 1. Additional detailed 
information has been prepared and entered into the files for the Advisory 


Committee on Eneray. 


Section II] of this paper contains some aeneral background material fol- 
lowed by summaries of the environmental impact of obtaining, processing 
and utilizing energy in Sections III(a), I}!{b) and III(c) respectively. 
Some comments on new or anticipated environmental legislation in North 
America are given in Section IV. Section V covers the projected environ- 
mental quality by 1991. Althouch it is somewhat beyond the scope of this 
study, some attention has been aiven in Section VI to the future implica- 
tion of unrestrained growth and potential climatic chanaes, which could 


occur in the next century. 
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Section II 


ENVIRONMENTAL IMPLICATIONS OF ENERGY USE 


SOME OF THE PROBLEMS 

This section discusses the known and expected environmental degradation 
caused by energy use on the air, water and jand. In most cases, degrada- 
tion occurs in more than one facet of the environmen = Corrective mea- 
sures to improve one environmental problem frequently result in further 
dearadation of another environmental quality. Therefore, it is neces- 
sary to consider all environmental impacts and closely co-ordinate con- 


trol measures to obtain an acceptable total environment. 


Effects on Air 
The impact of processing and usina eneray, is the dominant factor affecting 
the quality of the air. Many emitted contaminants pollute the atmosphere, 
however five major pollutants comprise by far the major load, (1) par- 
ticulate matter, (2) sulfur dioxide, (3) carbon monoxide, (4) oxides of 
nitrogen and (5) Paraons = These contaminants are most prevalent 


in urban centers. 


An example of the atmospheric degradation resultina from the utilization 
of energy in an urban area is shown by the inventory of air pollutants in 
the Toronto area) Ge. Table II illustrates that about 90 percent of the 
air pollutants in Toronto are a direct result of eneray utilization in 
transportation, electrical power generation and heating. The automobile 
is the areatest sinale source accountina for 56 percent of the total pol- 


lutants (mainly carbon monoxide). The two electrical power generation 


*Tne superscriots in parenthesis correspond to similarly numbered references 
at the end of this report. 
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TABLE II 
AIR QUALITY MODEL FOR METROPOLITAN TORONTO 
EMISSION SUMMARY - BY POLLUTANT 
February, 1972 Inventory 
(Percentage figures shown in brackets refer to contribution of each source type to a specific pollutant) 


Millions of Pounds Emitted Per Year 


oe $0, PARTICULATE NOy ro HC 
R. L. Hearn G.S. 34.64(7.12) 0.61(1.12) 26. 38(12.74) 0.28(0.03) 0.11(0.06) 
Lakeview G.S. 348.28(71.59) 5.94(10.94) 80.19(38.73) 2.00(0.23) 0.81(0.43) 
Municipal Incinerators 0.55(0.11) 12.13( 22.34) 1.35(0.65) 3.28(0. 38) 0.16(0.09) 
Industrial Sources 25.99(5.34) 12.03(22.16) 18.99(9.17) 5.29(0.62) 45.93(24. 33) 
Autos 3.49(0.72) 4.65(8.56) 43.65(21.08) 827 .36(97.04) 126 .42(66.96) 
Railroads 0.40(0.08) 1.08(1.99) 2.17(1.05) 0.60(0.07) 1.33(0.70) 
Shipping 0.90(0.19) 0.40(0.74) 0.66(0. 32) 0.24(0.03) 9.32(0.17) 
Aircraft 0.24(0.05) 7.18(2.17) 1.44(0.55) 2.21(0.26) 10.61(5.62) 
Heating - Residential 19.82(4.07) 2.49(4.59) 5.91(2.85) 0.52(0.06) 0.76(0.40) 
Heating - Apartments 20.05(4.12) 7.84(14.44) 10.92(4.84) 8.07(0.95) 1.68(0.89) 
Heating - Schools 5.51(1.13) 9.68(1.25) 1.81(0.87) 0.27(0.03) 0.09(0.95) 
Heating - Commercial 

Buildings 19 .03(3.91) 3.39(6.24) 12.05(5.82) 0.82(0.10) 0.38(0.20) 
Smal]. Industries 7.19(1.48) 0,63171.53) 2.54(1.23) 0.23(0.03) 0.10(0.05) 
Incineration: Apartments, 0.43(0.09) 1.05(1.93) 0.20(0.10) 1.44(0.17) 0.09(0.05) 
Schools, Small Industrial 
and Commercial Buildings a —s $3 Pe 
TOTAL - (in brackets, 486 .52(27.19) 54.30(3.04) 207.06(11.57) 852.61(47.65)  188.79(10.55) 


Z of total pollutants) 
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stations generated an additional 28 percent of the total pollutants 
(mainly sulfur dioxide). Detailed data of this tyne are not available 
for Ontario as a whole; however, the trends are expected to be somewhat 
Similar to Toronto's for other urban areas. Improvements made in urban 
areas by the use of higher stacks result in increased ambient pollutant 
concentrations in the rural areas. 


The production and existence of smog is another urban air pollution prob- 


“zip 


lem distinct from the one outlined above Under the influence of 
sunlight, the mictiies (oF nitrogen and gaseous hydrocarbons interact to 
form a complex variety of secondary pollutants called photochemical oxi- 
dants. These compounds, toaether with the other liquid and solid par- 
ticulates in the air, are commonly known as smog. Automobiles and to a 
lesser extent electrical power stations are the prime contributors to 
photochemical smog. Because sunshine and still atmospheric conditions 
are needed to provide the eneray and time for these reactions, it is 


apparent why the vroblem has arisen in Los Angeles, but is, at least 


as present, not severe in Ontario. 


Effects on Water 
The obtaining of enerqy by mining can cause acid drainaage or radioactivity 
problems in the adjacent watercourses. These substances deny portions of 
the downstream watercourse for other uses. The disposal of radioactive 
wastes from mining has caused significant water degradation*?, The 
utilizing of eneray has both a physical and chemical effect. Large vol- 
umes of coolina water discharge required for fossil-fired and nuclear gener- 


ating stations change both the local temperature and natural movement 


_ Binagyt too fe303 att 40 Inern90: BS Ler 
- : : hey Yo 8: a bol fe: 
seh) a J “- a ees ; 
serwemez od of bess90K8 a6 2 9 . tovewon ; slow | 9 
Mv ine _ dat 
asdw at shen etnensvorenl ners nectu -werito whe * adn i: 


ne 


7 7 A OA: es 
th sett Jnssul foo tnsténs bezsovont at Stunet zoade ian 46 on 
a 7 Pi - pA a a 
sore few on? at a ie > 
7 
dem noliuifog +i nediy veddons zt come to Sanedetae ihe ei enske) 
ec: 
To asoneulint eet sepnl e) svods benlisua sno sy mov? jontseth 
oy Toessior enadissovbye 2yoezap dis nepoitia Yo 2ebixe ond df 
rd ’ f. — 
E -feo (aofmensetotg bsilss 2fnatulloa yrtbnodage Yo yarrev x9Temog. 68 
| ~T6q birioz DMG bruori T9HnI0 on} rjviw 78) sno? ebnyoanoo seont . 
f oF bAK 233i r jomayy" oO re mons Vinge > 346 ts af} ni oat 
os 2IOsJuUdMtnOD emia si? sis 2notiate wawoo [safafosts nade 18 a P| 
enotribags atesdqzontse [lite bna satdheme sevesed .pome fantmeracs ie 
: i 
2t 31 mortosey s2ets +o? emt? bre vpyene oni? ebiveve of bebesn ¢ i 
“ fess Je ,et dud , 2efapnh 20) ni neetye asd mofdovo ot yaw Jr "6998 
o> 
OPeint at aevevez ton , nee a 2t 
Tw - 
: ee ’ 
"sieW no 2foeT?? | av i 
a . ‘ 
A’ us fvVisSROTbEY YO 9nEnietb bios Seus> nad ontale vd votes Yo patntsddo sat | 
; oY ; 


TO Ane fy10g yNSb 2eonetedue seat .eo2wedvelaw Snageths ond af. ma i dore 


a) 
aS 
teat: avis2sorbe to Iseaqeth sal -aseu rerio VO? Seo pTeTEW meatsenw 


a f , } « - ‘ . y = 
sat, P) notiebsvosb (eJaw Trasaitiaple Sezwes zen pntnim mor = 4 


. -fov aotsi .Jostie Isstmens bas Isofevda € dtod 2an vpvens to. _ 
¢ 


-yernen w4oToun brie bewrt-ffeeoy wot ben type so rsnoetb iia nat Fagp: 


: iremavom [swwstn bite k oyusenecees fesof oad tod senses - sy ont 


. Ee 48 


¥ - , 


pattern at the discharge. Chemical by-products are also introduced into 
the water ten? The physical effects of once-through cooling systems 


can be both beneficial and detrimental. 


There has been a large amount of discussion about discharging the waste 
heat from electrical power generation stations into the water. The main 
concern has arisen in the United States where large power plants have 

been located on relatively small and warm lakes and rivera), It is well- 
known that heat accelerates the biological decay process in water and re- 
duces the capacity of the water to retain dissolved oxygen and other gases. 
Thus, heated water can assimilate less biological waste. On the other 
hand the growth of aquatic plants including algae is accelerated. Also, 
increased water temperatures can interfere with or disrupt the repro- 


ductive cycles of fish and migration patterns. 


The short and long-term effects on the fishery, biological activity and 

the chemical and physical characteristics of al] aquatic areas are not 
completely known at this time. Studies to determine these effects in 

the area near the Nanticoke plant were initiated three years ago, but 

these studies will not be completed for several years. However, no signif- 
icant physical, chemical or biological water degradation resulting from 
presently operating stations has been measured (although this may be due 

to a lack of baseline information collected before the plant start-up some 
years ago). Future stations may be larger by a factor of three and will 


in some areas cduse major changes in the near-shore dynamics. 


iormal sanitary and industrial wastes discharged into the water must con-~ 


form to existing provincial requirements. Regulations regarding the re- 
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lease of radioactivity are presently under review by the Atomic Energy 
Control Board in co-operation with a number of Federal and Provincial 
agencies and revised water-quality objectives for radioactivity will 
likely be promulgated within one year. Specialized releases, like HoS 
emanating from heavy-water plants, must also conform to existing pro- 


vincial requirements. 


Effects on Land 
ilining of energy resources has historical implications of affecting the 
aesthetics and future land utilization. The increasing acidity of waters 
in mining areas are in part due to poor land-use practices’? While 
the major known energy resources within Ontario are restricted to lignite 
and uranium, the development of these resources must be regulated to en- 


Sure that the land environment is protected. 


Hydroelectric power generation has i cet wep aia on the use of land caused 
by varying the natural flow of streams and developing artificial impounding 
areas. Presently, most of the hydraulic potential for power generation in 
Ontario has already been developed and it is expected that future problems 
will be associated with flow regulations initiated to maximize power pro- 


duction. 


Transportation of energy creates aesthetic problems associated with elec- 
trical transmission lines and occupies large land areas. The problem of 
an accidental spill from energy conveying systems on land or water trans- 
portation and pipelines is ever present and intensifies with population 

growth. The application of herbicides and defoliants to control vegeta- 


tion growth on transmission line and pipeline rights-of-way may also give 
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rise to a variety of problems. Many of these compounds are very per- 
sistent and tend to be concentrated in living organisms. The ultimate 


effect of these substances is not well documented. 


CAUSES OF PROBLEMS 

Profit seekers are often blamed for the degradation of our environment. 
However, there are more fundamental causes. A large majority of people 
have been willing to consume vast amounts of resources and energy, fail- 
ing to understand that the modern way-of-life is basically responsible 
for the deterioration of our water, air and land resources. The pros- 
perity of a society is directly related to its ability to compete econ- 
omically with others. Consequently, it is economically difficult for 

one group, one industry, one province or one country to justify acceptino 
its environmental responsibility, if its neighbours or competitors do not. 
A multi-lateral approach is needed to effectively solve environmental 
problems. Its absence frequently only effects a partia? solution. Un- 
fortunately, this reasonine is more frequently becoming an excuse for no 


action. 


Economic Incentives to Pollute 
Our present pricing system fails to take into account the damaqe a pol- 
luter inflicts on others. Air, water and land are generally regarded as 
"free goods". As a result, this sgtem produces very real, but hidden, 
“external social costs" which are imposed on consumers and non-consumer 
alike. Although there is considerable controversy as to the actual hidden 


costs of pollution, the Environmental Protection Agency (EPA) estimates 
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that the annual toll of air pollution in the U.S. on health, vegetation, 
materials and property values exceed $80 per person per dear’? A some- 
what lower, but similar, cost exists in Ontario. The cost of water pol- 
lution damage is less well documented. Clearly, there are increasing 
present-day losses in contaminated fish and potential future economic 
losses due to increased water-treatment costs. Costs of lost ameni ties 
and recreational opportunities are stil] more intangible, but none the 
less they are real economic costs. A price and/or tax structure that 
took environmental degradation into account could shift consumer prefer- 
ences and perhaps discourage the purchase of goods which are manufactured 


by pollution producing facilities. 


Population Growth 
Population and consumption are the key to the environmental problem. 
Population growth was of no concern and encouraged in most parts of the 
world until a fas decades ago. It has been somewhat difficult to re- 
cognize the potential problem in a country as sparsely populated as 
Canada, but when the weak life-support systems of much of our area are 
considered, there is greater cause for concern. Mushrooming population 
growth does not necessarily mean more polluted air and water, but it is 
more difficult to achieve and maintain environmental quality with the 
pressure of population growth in a given area. It is interesting to 
note that 20 percent of the world's population (North America, Europe 
and Japan) is considered responsible for about 90 percent of the earth's 
environmental saves 2 An average North American is reported to be 


responsible for about the same impact to the environment as 200 people 
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in India or 50 in South America. The environmental impact of the pop- 


ulation growth in Ontario will be increasingly felt. 


Increased Urbanization 
Our environment provides natural mechanisms to clean and restore itself. 
Some of these processes we understand, but most of them are still a 


(10) Concentrations of people in urban areas intensify the pol- 


mystery 
lution problem. The increase in urbanization unfortunately continues 

to grow. For example, population forecasts for Gntarig’ 2 indicate 

that the Toronto-centered region will grow faster than the remainder of 
the Province by the end of the century. Statistics have shown that in 
the U.S. increased pollution is directly related to increased population; 


similar data is not available for Ontario due to the limited number of 


cities. 


The pollution domes of our cities as illustrated in Figure 2 are becoming 
visible. This dome, due to urbanization, changes the climate of a city 
as outlined in Table p12), Many may feel that higher temperatures and 
fewer heating degree days, particularly in the north, .are an advantage, 
but few people enjoy less sunshine and increased cloudiness, fog and rain- 


fall which also occur. 


As urbanization spreads, we modestly alter our climate over a wider area 
and continue to magnify our pollution problems. Controlling or placing 
a ceiling on urban size and maintaining rural areas between urban centers 


may be necessary to minimize pollution effects. 
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TABLE II! 


Average Changes in Climatic Elements Caused by Urbanization 


Element 


Comparison with 
Rural Environment 


Contaminants: 


condensation nuclei aud particles 


gaseous admixtures 


Precipitation: 

totals 

days with less than 5 mm 
snowfall 


Relative bumidity: 
winter 
Gummer 


Radiation: 

global 
ultraviolet-—winter 
wtraviolet—summer 
sunshine duration 


Temperature: 

annual mean 

winter minima (average) 
beating degree days 


Wind speed: 

annual mean 
extreme gusts 
calms 


10 times more 
8 to 25 times more 


5 to 10 percent more 
10 percent more 


5 pescent more 


2 percent less 
8 percent less 


15 to 20 percent less 
30 percent less 
§ pescent less 
5 to 15 percent less 


0.5° to 1.0° C more 
1° to 2° C more 


10 percent less 


20 to 30 percent less 
10 to 20 percent icss 
§ to 20 percent inore 


En eee 


(from Reference 12) 
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FIGURE 2 


The urban thermal and pollution plume occurring when & te 
gional wind is blowing. 


Other Factors 
Our very way of life in North America contributes to 4 large degree 
to our mounting environmental problems. Our affluence places a strong 
emphasis on consumer goods. Advertising pushes us toward over-con- 
sumption and develops a throwaway psychology as the norm. Natural 
things are steadily displaced by synthetic things by our rapidly devel- 
oping but uncontrolled technology. The consequences of some of these 


changes are already seen as neaative. 
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Section III 
ENERGY AND THE ENVIRONMENT 


(a) IMPACT OF OBTAINING FUELS 

Inasmuch as Ontario is an “industry rich and energy poor" Province and 
imports most of its eneray resources, some of the environmental damage 
attendant to its energy consumption will not occur in Ontario. The 
Province is fortunate in this sense. However, it must be realized that 
the present price of some of Ontario's energy purchases does not reflect 
the true cost of the resource. While it is difficult to place a value 

on how others may be affected, it is apparent that the cost of such fuels 
will rise in the future as the government and people in these areas be- 
come more environmentally aware and costly pollution-abatement measures 


are undertaken. 


An example of this trend may be found in the Appalachiacoal-mining area 
in the U.S. The coal mining industry there spent 6.1% of its capital 
investment in 1969 on pollution control measures. This figure increased 
to about 8.5% in 1970'13) , With enactment of the pending Mined Area Pro- 
tection act (14) in the U.S., pollution-abatement costs and hence the cost 
of coal imported from that country, would be expected to continue to rise. 
This trend will exist also for fuels imported from other Canadian pro- 
vinces. Fuels imported from the undeveloped areas of the world, however, 
particularly tne Southern Hemisphere, would likely be subject to lower 


pollution-induced price increases over the lonaest period of time. 


The following summary only applies to the impact on Ontario's environment 


of obtainina fuel. 
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Coal 
At the present time all of the coal used in Ontario is imported and 
hence produces no pollution problems here. However, the Onakawana 
lignite depcsits in Northern Ontario are being considered as an energy 
Peprceue, While the available technical information concerning the 
Onakawana lianite deposit is sparse, fairly accurate generalizations 
can be made with regard to the orobable environmental impact of mining 


the deposit. 


Water Pollution 

Since the Onakawana lignite deposit is overlain by an average of 65 feet 
of silt, sand and boulder clay, it appears unlikely that a conventional 
underground mining plan could be followed with any degree of safety. 
Consequently, a surface method of mining which would minimize the impact 
on the environment could be followed. A specific method is suggested 


in Reference 16. 


The spoil heaps in the coal-producing Appalachia region of the U.S.A. 
generate acid mine drainage problems. However, the spoil heaps of the 
Onakawana deposit will not generate acid mine drainage, because; 
(1) The material covering the Onakawana deposit consists of 
sand, gravel, limestone, shale and clay, Pitts was de- 
posited in the area as a result of glaciation. Iron 
sulfides which produce acids do not occur to any sianif- 


icant extent. 
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(2) The overburden is quite alkaline in nature and will, in all 
probability, neutralize any acid that might be generated. 

The Onakawana River, however, runs directly across the extent of the 
deposit, as it is currently known. Consequently, if the water quality 
of the Onakawana River and other streams in that drainage basin are 
not to be affected by mining operations, considerable quantities of 
lignite adjacent to the rivers will have to remain untouched. Alter- 
natively, the river itself might be diverted (into the Abitibi River) 
before it reacnes the mining area. However, detailed ecological studies 


of the area should be made prior to selecting this approach. 


Publications from Australia indicate that lianite mining faces are con- 
tinually subjected to a water spray in order to avoid spontaneous com- 
bustion. If water sprays are required at the Onakawana property, tur- 
bid runoff could occur. Due to the nature of the operations, however, 


runoff problems of major proportions are unlikely to develop. 


Finally, it is suggested that the deposit should not be developed un- 
less the rehabilitation procedures required under the terms of Section 
168 (1) of the “ining Act closely follow mining operations. The natural 
surface of the landscape would be entirely destroyed but spoil (waste) 
piles can be recontoured and revegetated as mining progresses. Also, 
the recontoured waste piles should be revegetated with species native to 
the area. In this regard, revegetation and proper contouring will be 


difficult if not impossible durina the long winter months. 


In summary, regardless of the size of the proposed mining operation, no 


uncontrollable or unusual water pollution problems should arise. Acid 
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mine drainage should not be a problem. Obviously, processes such as 
mining under wet conditions and coal washing could give rise to turbid 
effluents in the streams of the area. Land rehabilitation should and 


could be undertaken as mining proceeds. 


Air Pollution 
The mining of the Onakawana lignite should not cause any major 


air pollution problems. 


Impact on Land 

Past experience has shown in a variety of ways, that nature as a whole 
is in a state of dynamic equilibrium. It may be expected that minina 
and industrial activities in the James Bay area will affect this equili- 


print. 


Environmental problems, which could occur, may be intensified 
when the environment is imperfectly understood, and especially when it 
constitutes special problems of temperature and drainage as does the 
northern regions in Ontario. The capacity of northern ecosystems for 


the assimilation and conversion of pollutants is not well-known. 


The prospect of opening the Onakawana deposits and the planned develop- 
ment by the Province of Quebec of hydroelectric power sources in the 

area east of James Bay, will focus attention on the area, with its con- 
siderable potential in pulpwood, minerals, and water resources. The in- 
creasing demands for energy and food constitute pressures which may induce 
the eventual industrialization, land development and urbanization of 

this vast area, with attendant threats to the environmental quality and 


its complex ecosystem. 
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mine drainage should not be a problem. Obviously, processes such as 
mining under wet conditions and coal washing could give rise to turbid 
effluents in the streams of the area. Land rehabilitation should and 


could be undertaken as mining proceeds. 


Air Pollution 
The mining of the Onakawana lignite should not cause any major 


air pollution problems. 


Impact on Land 

Past experience has shown in a variety of ways, that nature as a whole 
is in a state of dynamic equilibrium. It may be expected that minina 
and industrial activities in the James Bay area will affect this equili- 


prime 


Environmental problems, which could occur, may be intensified 
when the environment is imperfectly understood, and especially when it 
constitutes special problems of temperature and drainage as does the 
northern regions in Ontario. The capacity of northern ecosystems for 


the assimilation and conversion of pollutants is not well-known. 


The prospect of opening the Onakawana deposits and the planned develop- 
ment by the Province of Quebec of hydroelectric power sources in the 

area east of James Bay, will focus attention on the area, with its con- 
siderable potential in pulpwood, minerals, and water resources. The in- 
creasing demands for energy and food constitute pressures which may induce 
the eventual industrialization, land development and urbanization of 

this vast area, with attendant threats to the environmental quality and 


its complex ecosystem. 
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Tne Province of Quebec has undertaken, or is plannina, more extensive 


(18) | The Ontario Water 


ecological studies of the natural environment 
Resources Commission together with the Federal Government have carried 
out a five-year water resources sdudy wart but no ecological studies. 
The Department of Natural Resources has initiated plans to carry out 


(20a) : 


ecological studies in this area Initial phases have begun and a 


preliminary report on one aspect (wildlife inventory) has been submitted’) , 


The impact on land and the ecosystems, if the Onakawana lignite field is 
developed, is concerned with: 
(1) The loss of the wilderness values of the area as a result of 
the probable open pit mining activity. 
(2) The making of a large man-made body of water which may or may 
not be detrimental. 
Notwitnstandina the fact that some environmental studies are currently 
underway or planned, knowledge of basic biological processes in these un- 
developed northern regions is still scarce. Consequently, it is recom- 
mended that significant development of the region should be preceded by 
a comprehensive investigation, which could be undertaken jointly by 


Ontario, Quebec and the Federal Government. 


071 
Water Pollution 
Oil production produces a very small impact on the aquatic environment in 
Ontario. At present, drilling is banned on all of the Great Lakes except 


Lake Erie, from which gas only is taken. In the event that oi] production 
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is allowed on Lake Erie or the other Great Lakes, the consequences on the 
aquatic environment could be significant and would have to be evaluated 
in detail. The environmental concern centers about the possibility and 
consequences of accidental oi] spills during drilling and production op- 


erations. 


Air Pollution 
To date the oil-producing areas have not produced significant air pollution 
problems. No future problems are expected unless massive new deposits are 


located. 


Impact on Land 
The impact on land from oi] drilling activities is concerned with: 

(1) Staking and locating procedures in the field. 

(2) Access road location and construction to the drilling and wel] 
sites and line cutting, etc., in connection with geological 
and magnetometer surveys. 

(3) Location of drilling sites. 

(4) Waste-disposal practices. 


(5) Prevention of accidental spills and fires. 


In the above, the main goals are to minimize the impact on forests, fish 
and wildlife nabitat, landscape and aesthetic values through the applica- 
tion of approved plans and methods before, during and after the various 


stages of action required in the exercise. 


Should oi] or gas deposits in Northern Ontario be located, broad-based 
ecological studies, as outlinedpreviously for the Onakawana area, should 


be carried out before development proceeds. 
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Gas 
Gas wells in Ontario are primarily restricted to offshore drilling rigs 
in Lake Erie. These rigs have presented a hazard to fishing gear in the 
past but are now fitted with equipment.to fend off nets. These wells 
have not had a significant impact on the aquatic environment. At pre- 
sent most of the sources are distant from population centers and thus 


present a minimum air-pollution problem. 


Uranium 
Hundred of deposits of uranium-thorium minerals are known to occur in 
Ontario. At the present, however, production comes only from Elliot Lake 
and Bancroft areas. By 1991 Canada may have 30,000 to 50,000 MW of in- 
stalled nuclear power plant capacity of the CANDU type. As a result the 
total nuclear fuel requirements will be modest compared to known reserves. 
The world's total nuclear power plant capacity may be over 30 times that 
of Canada; consequently, the availability of world markets and the desire 
for exports may determine if a significant quantity of Ontario's uranium 


is to be mined, and what the subsequent impact to the environment may be. 


Tne discussion below covers the environmental impact of mining and milling 
uranium because this first processing step occurs in the mining areas. 
The impact of furtherrefining the uranium ore is discussed in the next 


section. 


Water Pollution 
The mining of uranium results in a significant impact upon the aquatic 


(21) 


environment : 
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Vein and pegmatite deposits tend to be relatively small and do not con- 
tain significant (from an environmental standpoint) quantities of re- 
active (iron) sulfide minerals. The Bancroft deposits are of this type. 
Serious environmental problems such as the generation of acid mine drain- 


age do not occur as a result of mining and milling these deposits a>. 


Approximately 80 percent of the oresent Canadian production, however, 
comes from the pebble conglomerates of the Elliot Lake district. These 
conglomerates, unfortunately, contain significant concentrations of (iron) 
sulfide minerals which, at present, have no economic value. Discarded 

as waste, these sulfides react to form acid-producing water soluable 


Salts, causing acid,mine-drainage problems (2!) , 


The disposal of uranium mining wates, using practices which were con- 
sidered to be standard in the mining industry, has resulted in serious 
long-term radiological and chemical pollution of the waters of the 
Serpent River basin?) The main sources of the problem are the waste - 
water discharges from both active and abandoned tailings areas, which 
have resulted in (1) increased radioactive Ra-226 levels in almost all 
waters of the basin, (2) severe depression of pH and excessive increases 


in dissolved solids, sulfates and nitrogen levels, and (3) sharp re- 


ductions in fish population and other forms of aquatic life. 


The most significant impairment was evidenced by increases in Ra-226 in 
the water by factors of 50 to 200 over the background levels in certain 
lakes, which decreased linearly with distance downstream from the emis- 


Sion location. Average Ra-226 levels in the basin are shown on Figure 3. 
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Levels above 3 pCi/1 exceed the desired water quality value. Since 
changes in other water quality parameters generally followed a similar 
pattern, the Ra-226 distribution can be used as a general indicator of 


water pollution in the basin. 


Significant quantities of radioisotopes have been concentrated by the 
aquatic organisms. Although some radioactivity was absorbed by fish, 
consumption of fish flesh appears to present no public health hazard. 
Finally, the residents in uranium mining areas do receive slightly 
higher doses of radioactivity than persons in the rest of the Province. 


Tne main source of the increased dose is the use of water. 


The main impairments in the chemical quality of the waters were the 
serious depression of pH and the 8 to 15 fold increases over background 
levels of dissolved solids, hardness, sulfates and nitrogen. The flow- 
through time for the largest lake in the system is estimated to be about 
3 to 4 years. Thus, it may take several years before the effects of 
neutralization of the seepage and wastes can be measured. However, once 
the pH levels in the watershed are restored, ammonia may become a 


serious hazard to aquatic life and will, therefore, have to be reduced. 


Table IV summarizes the pollutant waste load for the Elliot Lake region, 
corresponding to a production of 4500 tons of uranium oxide. Without 
corrective measures these wastes will increase directly with increasing 


production. 


Fae 


ony i benmetnewies need svad aaqatoe! sie | 

tet? vd bsdvoads’ 2ow ytty ; ; Te 

sbysxed ASTsoH FT duq on Sheet: ot ie went 
ulttipt le evtansy ob 28ats onbatn pu tnety nt “arabe ah tts 

Baatvert oft Fo azar arid nt empeveq mand sd tvidosotber 790 

yadew Yo s2u ott 2? exob noeeneath ats: Yo swoe ne 


a | ny m aie 


| sie 

aber: 
ent ssw evstaw ent 16 Vi tlsup Teatmers ong nt ncaa her 
bimotedosd Yevo esebytsirt bfot af o3 8 od one Hg to notazonaeb aor 
-wol? 9dT .nopovttn bas 2038} fue , 2antred , ebtfoz bevloezib — Pe Set. 

suods od of betamises 2t modeve sit ot oilal Peapisl ony 107 ahs é a Bs 

to etostts sii syotad etasy lavevee sis? yom Sh, 2uiT .2rsey > oF E Vea 
. osy Ss gS 
: 92n0 ,TevewoH .bevuz6em e¢ nso estesw bas spsqes2 ott Yo nobsextiavguen 
6 waooed Yam einomns ,betotes 916 bedevetew oft nt efevel Hq ony : 


besubay ed of avaen ,evoteven {thw brs sttf 3124008 os brssad avotyse 


= = 
notget eds Jor{l ed +0? beol ‘stesw tosdulfoe add eas Femue Vi ofdsT 
syuodstW .ebtxo mutnsw to ened 0026 to nohtaubora 6 Of ontbnogesT a) 2. > 


= * 


pateseront dtw y[sosurb ezamvont iw seteaw eens aeweesn evid2ey10 > a 
nots: , ib . 7 
. a ot 


te 


TABLE IV 
Waste Loading into Serpent River Basin (1966-1969) | 


4) 


Yearly Average 


Ra-226 microcuries/day 4,300 


Alpha Emitters microcuries/day 39 ,000 
Beta Emitters microcuries/day 38 , 700 
Dissolved Solids lb/day 301 ,000 
Total Nitrogen 1b/day 8,300 
Sul phates 1b/day 171 ,000 


2,100 


Chlorides 1b/day 8,500 


| 
| 
| Iron lb/day 


In the future, the uranium mining industry must revise its practices for 


use of water and waste disposal systems. The following steps are neces- 
sary for the protection of environmental quality in the mining areas: 
(1) Stabilization and maintenance of all abandoned tailings areas 
to secure, in pernetuity, their containment including isolation 
and cover, erosion control and, as required, treatment of seep- 
age and runoff should be provided by the mining companies or 
their successors responsible for the disposal sites. Provincial 
legislation dealing with stabilization of tailings areas by 
vegetation or other methods should be extended to include aban- 
doned areas and, as required, treatment of seepage and runoff. 
(2) Mining companies should pursue the use of improved waste treat- 


ment techniques such as sulfide removal, and if necessary, jon 
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exchange, reverse osmosis, etc., should be considered to improve 
the chemical quality of mill wastes and tailings. First prior- 
ity should be given to the contro! of pH and toxic compounds 


such as heavy metals and ammonia. 
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Use of lake basins for containment of tailings at new mining 
locations should be prohibited. 


(4 


—— 


Further studies are needed to examine the total human intake 
of radioactivity throuch air, food and water in those areas 
where waters containing significant quantities of radionuclides 
are used for domestic water supply. It is expected that the 
radiation dose resulting from short-term use of these supplies 
may not present a significant hazard to health; however, it 
would be advisable to consider alternate supplies since any 
unnecessary exposure to radioactivity should be kept to a min- 
imum. 
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Further studies are needed to define the levels of dissolved 
solids, particularly sulfates, necessary for restoration and 


maintenance of a healthy baiance of the aquatic life. 


Air Pollution 

In some areas of the world airborne radioactive substances have been 
identified as responsible for increased occasions of lung cancer 'c! 
In mining uranium the main problem is gaseous radon and its decay oro- 
ducts. Forced ventilation through stacks is usually used with air- 


cleaning equipment and as a result, the quantity of airborne dust re- 


leased to the atmosphere is usually very small. Dilution in the atmos- 
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phere makes their concentrations insignificant relative to the amount 


of these gases normally present. 


While the residents of the uranium mining and milling areas are exposed 
to somewhat higher levels of radioactive wind-blown particles, this is 
a minor source and does not represent a serious health nponien\“:). 
Future increased levels of uranium mining will increase the atmospheric 


levels of radioactive substance. 


Impact on Land 
The impact on land from uranium mining activities is concerned with: 
(1) Prevention of increase of radioactivity in soil, plants and 
animals. 
(2) Disposal of the mine wastes in or over the land. 
(3) Staking procedures in the field and access-road location 
and construction for prospecting and mining. 
In the above, the main goals are to minimize tie impact on plants, 
wildlife habitat, landscape and aesthetic values through the applica- 


tion of approved plans and methods. 


(b) IMPACT OF PROCESSING AND TRANSPORTING FUELS 

Coal 
Coal mined in North America, unfortunately, tends to have a rather 
hiah sulfur content, which produces serious sulfur dioxide emission 
problems. In the future, coal may be desulfurized prior to combustion. 
This processing is one of several possible abatement methods ; however, 
it is more convenient to discuss this possibility in terms of utilizing 


energy. 
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Water Pollution 
It is not expected that the transportation or processina of coal will 


create future water-quality problems. 


Air Pollution 

The unloading and storage of coal at power plants results in localized 
wind-blown dusting. This can be partially controlled by the use of 
additives. Further, fe use of air curtains (that is sheets of moderate 
velocity air) shows good promise fr the containment of such dusts (24), 
New installations should be equipped for the prevention of wind-blown 
coal. It is believed that present technology can control these dusting 


problems in the future. 


Large consumers of coal require extensive stockpiles (as shown in Figure 4), 
and these together with their continuous relocation produce local air - 
pollution problems which are of major importance to the neiahbouring re- 
sidents up to perhaps two miles. Future stockpiles will become both 

larger and more numerous, but this problem can be handled in the future 

by largely existent technology. Ontario Hydro is currently working to- 


ward better containment methods >). 


071 
Water Pollution 
A potential danger to the aquatic environment is the possibility of a 
major spill arising from either a pipeline break or a collision between 
vessels transporting oi]. In the report of the International Joint Com- 


mission on the Pollution of Lake Erie, Lake Ontario and the Internationa?! 
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FIGURE 4 


View of Lakeview Generating Station, including coca! pile, near end of shipping season. 
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Section of the St. Lawrence River, it is stated; (264) 


"although the likelihood of a major oi] spill on the lakes 
is fairly remote, the risk is real and continuing. The loss 
of 1000 tons of bunker fuel or similar petroleum product 
would be enough to pollute extensive areas of the lake and 
many miles of shoreline. The immediate consequences of such 
a disaster would be the damages to water supplies, bathing 
beaches and other recreational facilities, as well as the des- 
truction of large number of waterfowl. The effects of oil 
pollution on the Tittors) ecology are largely unknown but 
experience elsewhere indicates that some of the methods used 
to remove or disperse the oil are more harmful than the oil 


itself." 


In order to minimize the adverse effects which would almost certainly 
result from a major spill, a comprehensive programme for combatting 
spills must be developed. In this regard, an Interim Province of 
Ontario Contingency Plan for spills of oil and other hazardous sub- 
ences on has been formulated but has not yet been established as 
effective and viable solution to the spill problem. 


Because a massive spill on the Great Lakes or connecting waterways 


(26c) (26d) 


might affect the U.S.A., both Federal and International 


Continaency Plans have been developed. Depending on the severity of a 
spill, the Province of Ontario Contingency Plan only might be imple- 
mented, however, if an escalated response was necessary, the Federal 


Plan would be implemented. If U.S. waters were beina affected, then 
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the International Contingency Plan would be implemented. All three of 
these Contingency Plans have been formulated to complement each other 


in the event that an escalated resnonse is necessary. 


Because the potential for spills will increase significantly in the 
future as the consumption of petroleum products increases, it is re- 
commended that contingency planning activities receive a high priority 
within the Ontario Government and that an effective spill response 


capability be developed as quickly as possible. 


The petroleum refining industry generates a number of waste chemical 
products which are discharged into the water; phenols, oil, ammonia, 
dissolved hydrocarbons and chlorinated hydrocarbons are a few. These 
however have no bearing on electrical power generation and will not be 


discussed here. 


Air Pollution 

While oi] refineries produce a number of significant air-pollution prob- 
lems, none of these are associated with the use of energy resource for 
electrical power generation. However, they will be covered in the final 


report. 


Impact on Land 
Inasmuch as both crude oi] and petroleum products travel by pipeline, a 
summary of the impact on land is partly covered in the section dealing 


with gas pipelines. 


Several separate problems attend oi] pipelines. Because the pipelines 


carry verv large volumes of oi] between gate valves, this presents a 
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serious but local problem from the released oi] on the land, unless it 

is close to a population center in which case the danger of fire is con- 
siderable. Environmental damage in oil-soaked areas is. considerable, 
usually resultina in denuding of vegetation, especially if crudes or light 


fuels are involved. 


Experience in the U.S. indicates that ground water may be contaminated 
in instances of disposal of oil-soaked material or dirty oil by burying. 
Although evaporation would be of assistance in a surface spill, the shallow 


nature of much of Ontario's ground water could pose problems. 


Gas 
There are no water-or air-pollution problems associated with the trans- 
portation of natural gas with the exception of an accidental release of 
the fuel. The problems attendant to production of gas through coal gas- 


ification are described later. 


The impact of transporting and processing gas by pipeline is concerned 
with: 

(1) Location of the pipelines. 

(2) Access road location and construction. 

(3) Location of gas-line pumping stations and other facilities. 

(4) Waste-disposal practices. 

(5) Maintenance procedures and methods. 

(6) Prevention of accidental spills and fires. 
In the above, the main goals are to minimize the impact on forests, fish 


and wildlife habitat, landscape and aesthetic values through the applica- 
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tion of approved plans and methods before, during and after the various 
stages of action required is the exercise. A summary of past practices 
and desired procedures for pipeline construction and maintenance is 


given in Reference 27. 


Uranium 
The processina of nuclear fuel, beyond the milling operation, causes a 


(28) 


number of potential pollution problems ; 


The refining of ore concentrates received from the mills and the pro- 
duction of uranium Heels (U0,) for use in the CANDU system result in 
solid wastes and spent chemical solutions requiring treatment and dis- 
posal. Further, the production of heavy water, used by moderators in 
the CANDU system, also represents a pollution potential, and the repro- 


cessing of fuel elements could lead to serious waste-disposal problems. 


Water Pollution 


(a) Uranium Dioxide (U0) Production - The refinina of ore concentrate 


received from the mills and the production of uranium dioxide (U0, ) for 
use in the CANDU system is carried out as part of Eldorado Nuclear's re- 
finery operation in Port Hope. Due to the lack of market, the U0, plant 
has been closed for three years, and no current Operatina data is avail- 
able. At present, uranium dioxide for existing contracts is manufactured 
from a stockpile of the intermediate product, ammonium diuranate. The ore 
concentrate contains 15 - 35% impurities which are removed, precipitated 
with lime, and disposed of as solids. In the oast, the leaching of radium 
and arsenic from the dump sites has been a problem. The problem has a- 


risen as a result of poor land-disposal-practices utilized prior to 1967. 
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A leaching problem is not expected to arise from the cut and fill process 
used since 1967. The feasibility of treating the wastes, prior to the 
lime treatment, to precipitate the arsenic and radium in forms which will 


be less susceptible to leaching is also under study. 


Spent chemical solutions containing nitrate and ammonium ions represent 
a further disposal problem. Utilizing the waste loading figures of 

620 Ibs. nitrate ion and 220 1bs. ammonium ion per ton of U0, produced 
and the projected requirement of 10,000 tons of U0, per year for Ontario 
reactors in the year 2000, it can be estimated that 3100 tons per year 
of nitrate and 1125 tons per year of ammonium will be discharged as by- 
product. It is expected however that a satisfactory method of treatment 


will be developed before the expected waste loadinas materialize. 


In summary, it is believed that treatment methods will be developed that 
will prevent the wastes from the refining of uranium having any signifi- 


cant effects on the water quality by 199}. 


(b) Heavy Water (0,0) Production - Deuterium, a heavy isotope of hydrogen, 
is present in fresh water at a concentration of about 150.mg/1. The pro- 

cess for separation and concentration of this naturally occurring deuterium 
depends on an enrichment process based on the temperature-dependent equili- 


brium between hydrogen, deuterium, and hydrogen sulfide (H,S). 


The Bruce Heavy Water Plant, located at Douglas Point, Ontario, has been 
designed to produce 800 metric tons per year of heavy water from a feed 
of about 13,500 U.S. gpm of Lake Huron water. This plant, which will 


be the laraest of its type in the world when completed, will have a total 
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inventory of 1,200 tons of hydrogen sulfide in the process equipment 


when in operation. 


Under normal circumstances, the only Hos released in the liquid waste 
from the heavy-water plant will be present in the 13,500 gpm process 
waste stream. This stream, with a desian maximum H5S concentration of 

1 mg/1, will be discharged into one of two lagoons each of which has a 
three-hour retention time. Because the lagoons are aerated, it is ex- 
pected that the concentration of HS will be reduced to an extremely low 
level, although precise estimates of the lagoons performance cannot be 


made due to a lack of data for HS treatment systems of this type. 


There will be two other significant aqueous waste streams from the Bruce 
Heavy Water Plant and these are the discharges from the two separate 
cooling water systems. These discharges, of 75,000 U.S. gpm each, will 
normally contain no HoS. It is to be expected, however, that minor leaks 
may occur and if so, these will result in some HoS gaining access to the 


cooling-water flow. 


Because of the possibility of some HoS leakage into the cooling water, 

and because it is also possible for the laqoon effluent to contain some 
residual HOS, the OWRC has approved the waste treatment facilities on 

the condition that the maximum loading of HoS to Lake Huron over a one hour 
period will not exceed 18 pounds. This loadina corresponds to an Hos con- 
centration in the combined effluent of 0.09 ppm,which is within the 


limits considered safe for fish. 


It is possible, of course, that failure of certain process equipment 
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could result in “spills" of HS in concentrations far above those expected 
during normal operation. The probability of such failure is low, however, 
and therefore the plant is not expected to present a serious threat to 


the aquatic environment. 


Air Pollution 

Airborne effluents from nuclear fuel processing beyond the milling oper- 
ation vary in terms of volume, concentration, and chemical composition, 
depending upon their origin. All these operations in fuel processing 
are potential sources of radioactive airborne dust. 


(a) Fuel-Fabrication Plants - Dust or fumes are controlled by conventional 


(29) Dust emission consist essentially of uranium 


gas cleaning equipment 
or thorium compounds involved in the process. The gases evolved from a 
fuel-processing plant are usually contaminated with such chemicals as 
nitric acid and organic solvents, as well as with fission products, de- 
pending upon the particular process employed. Since fuel processing re- 
quires treating effluent gases to remove minute quantities of radioactive 
materials, it removes many of the nonradioactive components as well. In 
these operations, the relatively high economic value of the product mater- 


jal makes it unlikely that significant air contamination will occur in 


normal operation conditions. 


(b) Fuel-Reprocessing Plants* - In order to extend the supply of nuclear 


fuel, reprocessing is highly desirable. When a reactor core has reached 


235); will have been 


the end of its useful life, only a small amount of 

*Fuel reprocessing is not necessary for the CANDU system. However, this 
section was included in the event that if other reactor systems are used 
in Ontario; or if, economic incentives may dictate fuel reprocessing in 
the future. 
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consumed by fission and an additional amount of U will have been 


transformed to es ou, The fuel, with its inventory of fission products, 
may then be removed from the reactor and transported to a chemical pro- 
cessing plant where uranium and plutonium are recovered for use in new 


fuel elements. 


Even though the fuel is stored to provide time for radioactive decay, 
a large quantity of highly radioactive material is still present when 
the fuel reprocessing begins. The greatest potential danger of air 


contamination arises at a fuel reprocessina plant. 


As yet, there are no fuel reprocessing plants in Ontario, however, it 
is a reasonable assumption that such a plant will be established during 
the time interval of this Study. Consequently, some of the environ- 


mental problems, which could arise, are outlined here. 


The most critical problem of air pollution from a potential fuel repro- 
cessing plant is possibly the release to the atmosphere of 85 4p (hal f- 
life of 10.8 years). Location of the fuel-reprocessina plant in the site 
of favorable weather conditions and the use of hiqh stacks are possible 
methods to keep BOK ground-level concentrations below a permissible 
ambient level of 107’ mci/cc. Eventually, the discharge of noble gases 
may be prohibited during the reprocessing of nuclear fuel. A number of 
metnods for el removal from gas streams are available and include; room 
temperature absorption on charcoal, silica gel, or molecular sieves, low 
temperature absorption on charoal or molecular sieves, cryogenic distilla- 
tion and scrubbing, extraction by liquids, and thermal diffusion. These 
processes are at various stages of development, and most can remove more 


85 


than 90% of the Kr. 
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consumed by fission and an additional amount of 238), will have been 


transformed to oh The fuel, with its inventory of fission products, 
may then be removed from the reactor and transported to a chemical pro- 
cessing plant where uranium and plutonium are recovered for use in new 


fuel elements. 


Even though the fuel is stored to provide time for radioactive decay, 
a large quantity of highly radioactive material is still present when 
the fuel reprocessing begins. The greatest potential danger of air 


contamination arises at a fuel reprocessing plant. 


As yet, there are no fuel reprocessing plants in Ontario, however, it 
is a reasonable assumption that such a plant will be established during 
the time interval of this study. Consequently, some of the environ- 


mental problems, which could arise, are outlined here. 


The most critical problem of air pollution from a potential fuel repro- 
cessing plant is possibly the release to the atmosphere of Boxy (hal f- 
life of 10.8 years). Location of the fuel-reprocessina plant in the site 
of favorable weather conditions and the use of high stacks are possible 
methods to keep Bok ground-level concentrations below a permissible 
ambient level of 107? mci/cc. Eventually, the discharge of noble gases 
may be prohibited during the reprocessing of nuclear fuel. A number of 
metnods for B51, removal from gas streams are available and include; room 
temperature absorption on charcoal, silica gel, or molecular sieves, low 
temperature absorption on charoal or molecular sieves, cryogenic distilla- 
tion and scrubbing, extraction by liquids, and thermal diffusion. These 
processes are at various stages of development, and most can remove more 
than 90% of the 85K, 
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Gases can be stored for radioactive decay until meteorological conditions 
are adequate for dilution and dispersion in the atmosphere. This technique 
will probably be favoured by the nuclear industry, but should be officially 


discouraged. 


The fact that radioactive substances can cause damage to people, plants 
and animals and can enter food chains is well-known. Since its inception, 
“the nuclear industry has been aware of the potentially hazardous affects 
of its wastes. Standards for permissible concentrations of radioactive 
pollutants in the environment have been established. However, the per- 
missible release standards are to be questioned because they are 10 to 

100 times higher than what is actually being released. This situation is 
discussed more fully in a subsequent section dealing with nuclear power 
plants. In any event, effective containment and disposal methods are 


absolutely necessary for fuel reprocessing plants. 


(c) Heavy-Water Production - The operation of a heavy-water plant involves 
large quantities of hvdrogen sulfide,» which is used for the enrichment 


process. 


Uuring the normal operation of the plant there are continuous emissions | 


of H.S via a flare stack where provisions are made for combustion of the 


Z 
gas. 
A summary of the sources of Hos and possible ground level concentration 
emissions from a heavy-water plant is given in Table y 630), In the event 
of an upset condition in the process, some of the equipment may have to 


be isolated and vented to the atmosphere via the flare system and con- 


39 


Oe aie 
F- ao . ee 
anotstbnes f 1 aoe pate fedia ai Asie 
cn ta in tS 


“eho a eee 
uffelsio se biuer | ‘i vl 
ow (stp oe tigen aor: 


atneta afeoeq 0? wn = os 


etostts res ers wt 9 a a 
witoeotbsy Yo eno 
199 edt vewawoR Jindstteces meeoaevalladie dt 

ot OF vin: ih anise epitllSiia doa aeaaan ia i 
zi wotseutie 2tiT .beessiey pated yf fsugas 2h Jeiw nedy venetd 2emtg00h: « 

vawoq “BsToun titiW pnt Tesh naldoez dmoupsedua mnt yi tut! nem beasune . 

a16 ebortem Iszoneth bre. tnomnmbstnos Svisastie .Ineve mais re : ot ae 
Bish pntezssormsy Feut xot yrszzsoen yfatuloeds 


Slee 


ray 


esvlovnl tnsfq induirceieut 6 Yo notsyarsqo sft - nots aubo% 9_1596M-yvssH onl 
thomistins ort vot beau ef fatdw sebrriue Rages to zotstinsip ooist ee 


| | | | > ee 
enoteetms 2uvountsnos os send Inélq ont to notdseisqo femmon art onbagll 


sees 
sip ay 


ets 


Aoi > 
o 
— > 


4 
9 


<_ 


je, 
Vv] 
ey . 


= 
Read 
ty 
Te. - ) 
: 4 id - ‘ 
> - i : * 
=< od tod 


ett ° bn 
sit Yo noft2udmoa tot sham 916 enotatvorq syerw Azst2 ovel? 6 By 2 oH 70 


hotjsiingones Tavs! bavotp sldtezoq brs 2H To 2970?’ ott to yyemmuz A = oe) 
snove ont nt .' ly otast nt movie et tnetq vedsw-wsor 6 mor? enotestme oan 
63 Sv5a ysm Inomqtups st to emoz ,2z9D01q Sct nt nolttbmo2 teequ ns to 5) gs | 


“MOD bNG mes2y2 sv6!t eft Sy sTorgeoMss Odd OF barney bre bsisloet 9d 


Pt 


TABLE V 


Sources, Operations and Concentrations 
of HoS. Released from a Heavy Water Plant 


| | HS | Ground-Level Concentrations 


Source/Operation | Emitted to of HoS p.m. 
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Normal operation 
Storage and loading 
Process draining 


Emergency venting 
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sequently the ground-level concentrations of Hos would exceed the Ontario 
Ambient Air Criteria of 0.25 ppm for one hour. The frequency of such 
upset conditions is unknown at this time, but it is expected to be higher 


at the start-up of the plant and decrease as more experience is obtained. 


Emergency venting through the flare stack is a remote possibility, but 
in the event of such an occurrence, up to 900,000 Ibs. of HoS per hour 
would be released to the flare and the around-!evel concentrations would 


exceed the criteria. 


A major failure in a critical piece of equipment, (the rupture of a stor- 
age vessel) could cause the release of 400 000 Ibs. of Hos within an 
extremely short period of time. Dangerous concentrations, which may 
severely affect human life, can be expected as far as 14 miles from the 
source. The probability of a major catastrophe is considered to be 

very low. A contingency plant to cope with such an event is presently 


being developed and is almost complete. 


(c) IMPACT OF ELECTRICAL POWER GENERATION 

Figure 1 shows that over the next two decades electrical power generation 
will become the biggest single consumer of our energy resources, inasmuch 
as Ontario appears to have little further potential for hydro power except 
in the far north. Unfortunately, fossil-fuel or nuclear power plants pro- 
duce a variety of emissions which pollute the air and they discharge large 


amounts of waste heat into the water or air. 


Electrical utilities, including Ontario Hydro, have long recoanized the 


need for planning far in advance for future facilities. However, until 
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a few years ago they have not had to take into account their overall 
effect on the environment. Although work on emission control techniques 
has been tremendously accelerated over the past four or five years, the 
presently available engineering technoloay is inadequate to meet our 
present needs. Power companies over North America are faced with in- 
creasing demands for electricity, but their plans for expansion and 
satisfvina this demand are being blocked by citizen groups concerned 
with conservation and the environment. It appears probable that Ontario 
Hydro will face increasing pressure from the public in the future. 
Recent formation of an Interdepartment Task Force on Generation Station 
Siting is a aood first step in aaining widespread acceptance of future 


plannina. 


Air Pollution 
Fossil-Fuel Plants 
The air pollutants emitted from fossil-fuel plants obviously depend 
upon the type of fuel used. The types and quantities of emissions from 


(31) The lower 


the burnina of different fuels are shown in Table VI 
levels of solid particulate and sulfur dioxide emissions result from the 
use of gas, which illustrates why many power plants in North America have 
been converted to this fuel. However, due to the fact that many oraan- 
izations are solving their immediate emission problem in this way, the 
supply of natural gas will become very restricted in approximately a dec- 


ade or so if it is used as a general solution. Consequently, it already 


appears advisable to limit the use of natural qas to other situations 
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where alternative emission abatement solutions would be prohibitively 


expensive. 


Vil reserves appear sufficient for several decades, while the known 
reserves of coal indicate an adequate supply for several centuries 
Consequently, we have concentrated on the effects of using orimarily 


coal and secondarily oil, in future fossil-fuel plants. 


(a) Solid Particulate emissions for all practical purposes are under 
reasonable control] in large power plants. It is now largely a matter 
of satisfactory operation and strict compliance with the requlations. 

A number of systems are available for dust or fly-asn control. How- 
ever, electrostatic precipitators offer the best long-term solution, 
even though they are massive and costly as shown in Figure 5. Ontario 
Hydro appears committed to this direction as indicated by the following 
quote from a recent Hydro publication", 

"All the coal-fired stations are fitted with dust-collection systems 
to contain the fly-ash. The older stations have combined mechanical 
and electrostatic dust collections and the newer ones have electro- 
static dust collectors only. The policy is to achieve a minimum of 
99.5 per cent dust-collection efficiency on all new boilers, but 


“ 


efficiencies are lower than this for some of the older installations. 


(b) Sulfur Dioxide control represents today's air-quality battleground 


(33, 34) | Sulfur oxides (about 


for electrical power generation industry 
99%. S05 and 1% S03) can be controlled through four basic approaches: 
(1) Dispersion from tall stacks. 


(ii) Substitutina low-sulfur fuel. 
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FIGURE 5A 


10,000 COMMENCED COMMENCED BURNING 

: BURNING COAL WITH LESS THAN 
PULVERIZED 1% SULPHUR AS 
COAL NORMAL FUEL 


” 
wn 
So 
1s) 
= 
4 
$5 COLLECTOR COSTS 
le) 
& x 6,000 2 
ties rei 
-v 4 
re < 4,000 Ww 
= : 
Ss Luge 
o 95 
w 2,000 soe 
= a5 5 
2 z 
75 o 
7%63 
1940 1950 1960 1970 3 
VEARS 


Increase in cost of dust-collecting equipment in the Con Edison system, altcr 
Ramsdell and Soutar.3 The figures are corrected to present day cous, ard 
include matcrial and erection costs of collector, flues, support siec!, aud ty 
ash conveying facilities. 
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(iii) Removal of sulfur oxides from the flue gases. 
(iv) Desulfurizing existing fuel. 
Each of these approaches also has several alternatives, and there is 
an abundance of literature attempting to shed light on this complex 


situation. 


(i) Dispersion from Tall Stacks 


The use of tall stacks and increased dispersions has been hotly debated 
in several countries over the past two or three years>”?, Although 

the Ontario regulations under the Environmental Protection Act permits 
dispersion from tal] stacks as a means of controlling atmospheric sulfur 
dioxide concentrations, the government has made it clear that this is 

an interim measure and is only permitted when there are no practical 


means of controlling the pollutant at the source. 


(ii) Substituting Low-Sulfur Fuel 


As outlined previously, natural gas contains little sulfur, and power 
plants fired with gas contribute essentially no 50, to the atmosphere. 
However, the supply of natural gas is limited, and with proven, resources 
shrinking rapidly, the use of this premium fuel by public utilities should 
be restricted. Other low-sulfur fuels are in limited supply at least in 
areas where they are needed. Crude oils from Western Canada, North Africa, 
iligeria and the Far East are naturally low in sulfur, and fuel oi] pro- 


duced from these crudes generally contain less than 1 percent of sulfur. 


The reserves of solid fossil fuel with less than 1 percent of sulfur are 
ample. However, this huge eneray pool of sub-bituminous coal or lignite 


is found far from our consuming centers. Much of the remaining low-sulfur 
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bituminous coal is reserved for metal production. About one-half of 
the total known U.S. reserves of bituminous coal average 2.2 percent 


(36) These reserves, mostly located in the eastern or mid- 


sulfur 
western states, are the main source of energy for conversion to elec- 


tricity. 


Samples taken from the Onakawana lignite deposit indicate a sulfur 
content under 1315), however, if this fuel is compared with existina 
coal supplies on an equal energy basis it contains an equivalent sul- 


fur content of about 1.5%. 


It must be concluded that direct substitution to low-sulfur fuel has 
little real potential over the time-span of this study. Its only 
practical application is in critical areas, for example, the recent con- 


version of the Hearn Station. 


(iii) Removing S05 from Flue Gases 

Over the past 4 years great interest has developed in treatina stack 
gases to eliminate 50, and more than 30 processes have been suggested. 
Some of these are obviously unsuited to a power plant. However, prob- 
lems abound. The materials~handling problem alone is of a size seldom 
faced by engineers. A typical, large boiler furnace can send more 

than 50,000 tons of gas up the stack a day; even with SO, making up only 
about 0.25 percent of it, this means that 125 tons of SO, must be removed 


daily. 


In considering the many different flue gas desulfurization processes, 


a distinction is made between recovery processes, in which a saleable 
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by-product, such as sulfur or sulfuric acid, is produced, and a non- 
recovery process, in which a disposable waste product is produced. The 
market for saleable sulfur products, particularly in Canada, is unfavor- 


able( 3”), 


The large excess of sulfur on the world market has reduced 
the f.o.b. price of Canadian sulfur to between $4 to $10/ton. The 
domestic demand for sulfuric acid is easily met with acid produced from 
smelter operations. Under these conditions there is little economic 


incentive to develop recovery processes, especially in Ontario, for the 


near future. 


The most advanced or promising processes under development are reviewed 
in References 37 and 38. Ontario Hydro is seeking 34 satisfactory pro- 
cess for SO, rehovar 3°) In addition, the Ontario Research Foundation 
under contract to the Department of the Environment has made an inde- 
pendent evaluation of many S05 removal methods. Table VII summarizes 
the ORF evaluation of flue gas desulfurization techniques applicable 


to large power generation stations (29). 


Of all the processes in varying stages of development today, the lime- 
stone slurry process (Item6, Table VII), is judged by Ontario Hydro 
and pelos?) to have the best chance of early development. This is 
a throwaway process. in which the sulfur oxides in the fiue gas are 
neutralized with limestone and converted to inert solids which can be 
disposed of in a sanitary land-fill. Several variations of this pro- 
cess are under development in North America, but operational problems 
continue to occur. Ontario Hydro is studying this system on a 400-cfm 


pilot-plant scale and is investigatina the feasibility of a larag@ unit. 
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TABLE VII 
Approximate Costs of Fiue Gas Desulphurization 


Total Operating 


Installed Costs Including 
Capital Cost Capital Charges 
Process S/kKW ¢/MM_ BTU 
1. Pittsburg and Midway 
Solvent Refined Coal ? 16 
2. Messman Chemical 
Coal Cleanina ? 6-7 
3. IGT Coal Gasification ~ 135 2S 
4. Garrett K,C9, Process 13.9 7 
5. Ury Limestone Injection 9 6 
6. West Lime/Limes tone 
Scrubbing ie 6 
7. Stone and Webster Ionics 15 10 
8. Chemico MgO Scrubbing 19 13 
9. Monsanto Cat OX 32 PWG 
10. Shell SFGD 26 16 
11. Grillo AGS Process ? 12.5 
12. Potassium Formate Process 15 7-8 
13. Bischoff Process ? 15-19 
14. Seawater Scrubbing 2 4 
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It 1s difficult to estimate the cost of any process that is not com- 
pletely developed. Estimates made by Ontario Hydro differ significantly 
from those in Table VII made by OPF. Others (41 »42) have estimated the 
operating costs of the limestone slurry process at between $1 and $4 

per ton of coal. A figure of $2 per ton oresents the consensus opinion. 
Further, PTET investment cost estimates ranges from about $10 to 

$40 per installed KW with about $20/K\! being typical. This control method 
could tentatively be planned for nlants coming into operation late in 


this decade. 


The limestone slurry process produces a waste by-product of calcium sul- 
phate and calcium sulfite. It is expected that 9.2 tons of waste by- 
product will be produced per ton of coal burned and treated. In the 


SO, removal process, 60% will be in the form of solids which can be 


2 
settled out and the remainina liquor can nossibly be recirculated and 


reused witnin the system. 


The settled solids may be left at the bottom of the lagoon or could be 
dredaed out for removal to other disposal sites. These solid wastes 

are relatively insoluble and can be used in controlled landfill sites 
without too areat a leachate problem. There is however, a possibility 
of a potential H5S odour and appropriate measures would have to be taken 
to control this nuisance. If this sytem is adopted, then the planning 
aspect of coal-burning plants would have to take into account the land 
use requirement for disposal of this waste material from the desulfur- 


izina of flue gases. 
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There is a secondary type of recovery and treatment process available 
where SO. 5 sulfuric acid, sulfur and fertilizer compounds can be re- 
covered as by-products; however, the use of this process would depend 
to a large extent on the available markets for these various by-pro- 
ducts. It is not expected that these methods will be employed before 
1985. 

Faintly visible on the horizon is a new method of burning fuels which 
will greatly reduce emissions, the fluidized-bed ceunieernhtote., 

It involves a stream of air moving slowly through a bed of inert mater- 
ial. Such a system can become a combustor if the bed material is heated 
to about 1500°F and a fuel, either oi] or crushed coal, is admitted. 

If the bed material is limestone, the resultina lime will react with 

S04 as it evolves during combustion. Further, because the temperatures 
in fluidized system are uniform and can be held as low as 1500°F, little 
NOy forms. The fluid bed would also be useful in removing any trace 
heavy-metal elements which exist in coal. A recent special study in 


(43) 


fluid=bed combustors has been carried out in Ontario by Bergougnou 


The fluidized boiler would be the ideal tool for burning Northern Ontario 
liqnites to produce power for gasification units at the mine-mouth. Such 
combustion would take place at relatively low tempratures, 1500-2000°F, 

to avoid the formation of nitrogen oxides. Similarly, a fluidized-bed 
boiler could burn city garbaae. It would also be used to burn high-sul fur 
oil residues in case these are needed as a temporary supplement to fuel 
aas. Existing pulverized-coal furnaces could be adapted to a low-pressure 


fluidized-bed combustion. A possible scheme could be to build a satellite 
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fluidized-bed boiler close to the existing power plant. Limestone would 
be injected into the bed to retain the sulfur in the ash. The rest of 
the air would be mixed with the gas coming out of the fluidized-bed 
boiler for firing in the existina boiler. Another possibility would 

be to build a LURGI gasifier and to use the low-BTU gas produced to 


fire the existing furnace. 


Bergougnou suqgests that power plants using fluidized beds burning solid 
fuel could be constructed about 1980 if a research and development pro- 


gramme, beginnina in 1972, is emphasized. 


(iv) besulfurizing Fuels 

On the average, half of the sulfur in coal is present as pyrites (iron 
sulfides) and half is combined chemically with the complex coal structure. 
Jepending on the size of the pyrite particles, they can be removed. 
jione of the organic sulfur can be removed without destroying the coal's 
molecular structure, e.g., by converting it into a fuel aas. Hence, 
about half the sulfur can be taken from coal by cleanina and at costs, 
for example, ranging upward to $1 per ton, adding some 15 to.30 percent 


to the fuel Tae 


At the present time, the emphasis has turned on coal gasification as the 
best long-range approach to clean fossil fuel in large amounts. Coal 
gasification consists of the chemical transformation of solid coal into 
pipeline quality gas. This aas, primarily composed of methane, is 
virtually sulfur free and has a heating value of about 1000 BTU/ft?. 
The United States has undertaken a major development programme in coal 
(46) 


qasification by the support of the methods listed in Table VIII. 
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TABLE VIII 


US Coal Gasification Processes 


Federal Funding 
Ey 972 


Process Laboratory Sponsor 


HYGAS IGT OCR-AGA $3,500 ,000 
(Electrothermal) 

| HYGAS (Oxygen) IGT 
| CSG (CO, Acceptor) | pensonidation 3,420 ,000 
| SYNTHAWE | BuMines BuMines 1,500 ,000 
| 8I-GAS | OCR-NCA 3,300 ,000 
| STEAM- IRON | IGT Industrial 

FIXED BED | BuMines BuMines 750 ,000 
ee BED C | 


Lurai Lurgi 


Assuming that a large lignite field exists in Northern Ontario, mine-mouth 
gasification would seem a promising solution to obtain fuel with low en- 
vironmental impact. The rationale of coal gasification could be predicted 
on the basis of the following facts or assumptions: (1) It is cheaper to 
transport gas long distances than electricity. (2) Gas pipelines are less 
unsightly as they are commonly buried underground. Furthermore, they use 
less valuable urban and rural real-estate (100 acres per mile for high 
voltage transmission lines). (3) In electrical power generation, the avail- 
ability of ash-free and sulfur-free fuel aas allows steam and gas turbines 
to be operated at higher temperatures. Altogether the increased efficiency 


resulting from a number of new power generation schemes operating on gas, 
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could more than pay for the cost of coal gasification’). 


fe auaneue has also carried out an investigation of the environmental 
impact of coal gasification in connection with the possible development 
oF the Onakawana lignite deposits. Although there are several potential 
air- and water-quality problems, the main environmental impact would come 
from the water evaporated from the lignite, which comes to the plant 
witn slightly more than 50% water content. This water evolved by gas- 
ification is approximately equivalent to a daily rainfall of 1.3 inches 
over an area of two square miles. Severe local icing and foaging might 
result in winter. However, mechanical de-watering could considerably 
alleviate this problem. The sulfur produced would amount to 2260 tons 
per day, which would represent a serious stockpiling problem in the 
absence of markets. The leakage of SO, and Hos to the atmosphere would 
be minimal. Dust entrained in flue gas leaving the lignite dryer would 
amount to about 15 pounds/minute if the dryers were equipped with two 


stages of cyclones and an electrostatic precipitator. 


Additional details of the pollution aspects of lianite gasification as 
well as the environmental problems of burning it in a mine-site power 


plant are given in Reference 43. 


The combined use of lignite aasification and fluidized-bed boilers appears 
very attractive for Ontario energy needs in the near future. Environ- 
mental deterioration would be minimal compared to present power schemes. 
An ecological study should be initiated for the lignite fields of Northern 
Untario to determine, in detail, the impact of gasification on the local 


environment. 


54 


rom ADVE TY cou > hacks 


Dae eee i. 
tranqayaves sfetesee ony iw ‘tere ao Asad ie | 
[stinstoq leveve2 s16 evo nouartsTA “2a e0gab ‘orte 


. Abe nA moo bluow soeqnt tad mannen ten nem srt ,avordong tin 


) 


tnsfq st od pomod fofiw ,stiaptl sid mov? bed stoasve. 


-260 yd bevlove «ofew 2taT .Anednns Yate #02 nang Pore) an te at 


‘at 


2 
_ Jay! 
P dias ti 


eoront €.1 to Tletntay yitsb s of Fnslavtups vfodemtxorags. a 
Jfpim pnippot bas entat fsoof sieved .zetim evbupe ow +0 69 
i vi 

vidersbtene> biyoo pntissew-eb faottishsan ,ev9WoH ‘TSAI, nt ating 
eros O8SS of Invoms Hluow bsouborg witlwe sdT met dora aint ov 
ony at moldora patitedsode evofrae 6 Insesvqss bluow olde, «Xe 
Sivow srariqeants sft of 2 ol brs 02 40 spsanel oli ase yam to. 2 
bivow tsytb atinehf edd ontvasf 2zep sult af penteszne s2u0 abi 
owt div beqatwns siew evevtb en? Tt stuntm\2brvog ef Juods od tmuams: 


-TO78I TQroeVa JiIstzorjosls tse brie zonolay> Yo 2 


é 7 “Sos e ve 
| 26 notsssitizeso sirapil to efoenes aoftulfoa ent to at heteb ‘Asnota Vee 
7awoq otte-sntn 6 at tt ontawd To santuors “Tsdnennon tyas ond. 98 How 


£6 sonsietesA ot viata t int 


| " - ! 
2769008 ersltod bed-besthiwlt bas motisaiifeno stinpt! Yo seu beatdmos ont 
CJ : - a 


+ “nortved .siudu? +e8n sat nt 2besn votsne otis sav) ‘oT ev tte 338 VW 
Fin 


:  @Stigelo2 1auod dnszexq of beisgmos femtntw ed bivow hottsrotss ia 
va risttioM to abfor? stinpt? 9A? wt begattint ad bluode yous 2 teotee ion 
7 


led0f of no notjszitiesp Yo Jasqmt any , fazed nt ads 
7 | ie te cd rete 


Fuel oi] is more amenable than coal to desulfurizing: generally, the 
oil is treated with hydrogen to form hydrogen sulfide gas, wnich then 
can be separated from the liquid. This hydrodesulfurizing has developed 
stronaly over the past few years, but the cost is still high. Desul- 
furizing fuel oi] to acceptable levels costs from 50 cents to $1 per 


er enGiae 


The Ontario Research Foundation was asked to summarize the fixed and 
operating costs of various sulfur abatement alternatives. This compar- 
ison is shown in Table IX together with an estimate of the sulfur re- 
moval and time when the technique may be employed* 22). These cost es- 


timates are pernaps accurate to 50%. 


Coal, with a sulfur content now used by Ontario Hydro, is included to 
provide a base cost, and the cost of nuclear power is also included and 
observed to be nearly equal to current cost of power produced from fossil 
fuels. The non-recovery lime slurry scrubbing system would appear to in- 
crease the overall cost of a kilowatt-hour by about 8% and achieve a sat- 


isfactory reduction in sulfur emission. 


It is difficult to compare tne cost of 50, abatement with the indirect 
cost of no abatement, because there is no way to firmly establish the 
cost of the latter. The U.S. Environmental Protection Agency estimates 
that emitted S95 indirectly costs the public 10¢ ver pound. This figure 
is debatable, but the President has proposed a S0., emission tax (see 
Section VI). One tax proposed, calls for an increasing rate from 5¢ per 


(48). 


pound in 1972 to 20¢ per 1b. after 1974 of SO, emitted As shown 
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I II V VI VII VIII ix | x 
i Coal 011 Mechanical! Chemical Coal 011 Flue Gas i 
5 Natural Coal Coal Gasification | Desulphurizatio Jesulphurization | 
} on a Gas Cleaning |Cleaning [ a b a b Fluidized 
Ae Sains Bitumin| Lignite Recovery |Non Recovery Bed 
; Schemes Schemes Combus tion 


1. Capital Cost of 
Generator $/kW 


2. Annual Fixed 
Charges % 


Fixed Costs 
$/kW 


4. Cost of Fuel 
Inventory $/kW 


5. Fixed Operating 
Costs 3/kW 


6. TOTAL FIXED COSTS | 
$/kW 


Fuet Costs ¢/ 
MEBTU 


Fuel Treatment 
e/iTABTU 


9. Fiping Costs 
¢/MABTU 


10.TOTAL COST OF 
FUEL AT THE 
GENERATOR ¢/MMBTU 


11.6uel Costs mills/ 
kWhr 3.40 Vo 


12.Yariable Operating} 


NO RELIABLE DATA AVAILABLE ——————_________y 


COSTS mills/kwWhr 


14.Fixed Costs at 
60% Load Factor 
mills/kWhr 


4.13-5.26 4.03 


2.90 2.90 
15. TOTAL COST OF 
POWER mills/kWhr 


7.93-8.16 6.93 
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in Table X such a tax which reflects the present indirect cost to the 


public is several times the cost of abatement. 


TABLE X 
Cost Benefit of SQg Abatement Based on 
a 1,000 MW Power Plant* 


ie ER A 


| Cost/year 

$ million 

Use of Limestone Scrubbing (90% reduction of SO.) 2.2 - 6.3 
z ! 
| Use of 1% Sulfur Coal (60% reduction of S0,) 2.14 | 
Cost of Proposed Taxes on SO, Emission | 
| (at $0.10/1b. S) (90% “taxed) | 7.20 | 
| Estimated Damaae of SO, - Emission | | 
($0.10/1b. $ according to US, EPA) 8.00 


* For coal containing 2.5% S 


(c) Oxides of Nitrogen (mainly NO and NO, and collectively called NOy) 
are not being ignored by the electrical power industry in North America, 


although the major focus is still on abatement of S05. 


NOy forms in all high-temprature flames when nitrogen in the air reacts 
with active oxygen species in the flame. Generally, the higher the 


temperature, the more NOy is produced. 


In general, about 97% of the NOy from stationary sources in Toronto comes 


from combustion process with the following approximate distribution) , 
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1971 1997 Est. 


a 


Electrical power generation 37. 5% 91% 
Industrial combustion 29.2% 26% 
Residential & commercial combustion 10.4% 10% 
Pipelines, refineries 19.9% 12% 
Non-combustion 3.0% 1% 


The trends in total NO, emissions in the future are shown in Figure 6. 
Power aeneration plants are expected to produce a larger portion of 

the future NOy due to their more rapid growth. Estimates of the future 
NO, concentrations in the atmosphere contained in Section V indicate 
that it seems quite certain that power plants will be pressed to re- 


duce these emissions in certain areas by the end of this decade. 


Two basic procedures reduce NO, emissions: burning at a temperature 
tnat is as low as possible, or operating the boiler furnaces to elim- 


inate highly active forms of oxyqen from the flame. 


The Esso Research Corp. in the U.S. has completed ar extensive three-vear 
studyevaluating future control techniques for Turk ae As is the 

case with S0,, many control methods have been suqgested, (a) fuel mod- 
ification, (b) altering combustion techniques and (c) flue-gas treat- 
ment. Of these the second is currently receiving the most attention 

and Ontario Hvdro has, on a pilot basis, reduced the present level of 
emissions by about a factor of 1/2 to 173692) , However, the NO, contro] 
technology is not nearly as far developed as is that for SO, and more- 


over, the problem may prove in the lona run to be more complex. The 
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ruture of NOy abatement in the U.S. as viewed by the Esso study is de- 


nicted in Figure 6. 


The curve labeled “possible improvement with current technoloay" indicates 
the best estimates of NOy control to new eauipment installed from 1970 

to the years 1980 and 2000. Control methods in limited use at present, 
which have been effective for reducing NOy emissions, include lower ex- 
cess-air combustion, staged combustion, flue-gas recirculation, and 
changing burner location, spactng and configuration. fhe curve labeled 
"anticipated new technoloavy" is based on wide use of potential combustion- 
contro] methods, such as steam or water injection and fluidized-bed com- 


bustion, combustion with oxyaen in place of air, and flue-gas scrubbing. 


The cost of NO, abatement is still highly speculative. It is concluded, 
in Reference 50, that in some cases operatina costs will be lowered due 
to improved combustion. Present estimates indicate a cost of about $1 

to 93 million a year for stations such as Hearn and Lakeview, and be com- 


parable to the SO. abatement costs. 


(d) Heavy-Metal emissions into the atmosphere are possible because of 
the variety of impurities contained in fossil fuels as shown in Table XI. 
There is an increasing interest in "trace" or "exotic" pollutants in the 
atmosphere. These compounds may be extremely toxic, and low concentra- 


tions may damage flora or fauna, or become concentrated in the biosphere. 


The measurement of these pollutants may be easier than evaluation of their 
effects. ‘lost of the compounds and elements are present naturally in the 


environment, and the body can evidently dispose of certain levels of them. 
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TABLE XI 
HEAVY METALS IN FOSSIL FUELS 


Coal Used by Ontario Hydro 


| Element | Quantity, ppm 

! Nickel of 7 - 10 

Manganese | Oo) 20.3 

| Zinc | 0-5 

| Chromium : axt AD 

Cobalt Of Su 10 
Lead Oe 5 =-34...0 
Molybdenum Mm etlo” | 
Vanadium | 0 - 10 | 
Beryllium 

| Arsenic 

| Antimony 

| Cadium 
Silver 
Selenium 
Mercury 
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Research is now required to evaluate the effect, of continuous exposure 
of the population to low concentrations of trace metals, in order to 
determine which are present in undesirable concentrations. 


Ontario Hydro has been concerned about the emissions of a number of 


(52) The programme undertaken includes a 


materials from its plants 
search for polynuclear hydrocarbons, especially benzo(a)pyrene -- and 
for fluoride, beryllium, selenium, nickel carbonyl], cadmium, antimony, 
bismuth and mercury -- in the coal, fly-ash and flue gas. Some of 
these substances may be carcinogenic. Because it is of great current 
interest, a detailed study of mercury emissions has been completed. It 


was found that 90 percent of the mercurv in coal leaves with the flue 


gas with concentrations between 40 and 90 micrograms per cubic metre. 


At the present time, heavy-metal emissions from these plants are not re- 
garded as a sianificant hazard and are within the Provincial regulations. 
The emissions from power plants cannot be distinguished from other sources. 


However, heavy-metal emissions are being closely monitored in Ontario. 


(e) Other Emissions 
Radioactive substances may also be emitted by fly-ash coming from fossil- 
fuel plants. A recent collection of data describing these emissions is 


(53) 


given in Table XII These emissions are discussed later in con- 


nection with nuclear power plants. 


Uther emissions in the form of carbon monoxide and hydrocarbons also 
occur. All power generation companies strive to complete the combustion 


of unwanted CO and unburned hydrocarbons, in flue gases, by completing 
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TABLF XII 


Analyses of Radioactivity in Coal and Oil Fly Ash 


Concentration 
(pCi/g dry fly ash) 
Refer- Ra- Ra- Th- Th- 

Sample ence 226 228 228 232 
Appalachian coal ash (4) 3.8 2.4 2.6 — 
Utah coal ash (4) 1.3 0.8 1.0 _ 
Wyoming coal ash (4) —_ 1.3 1.6 _— 
Japan coal ash (4) — 1.5 1.6 _— 
Alabama coal ash (4) 2.3 2.2 2.3 —_ 
Venezuela petroleum ash (4) 0.21 0.49 0.67 _ 
TVA coal plants (3) 4.25 2.85 2.85 2.85 
Coal ash (Australia) (2) 7.98 —_ —_ _ 
Oil fly ash® (5) 0.18 0.17 0.82 0.17 
Turkey Point 
Coal fly ash> (5) 2.3 3.1 — | 
Hartsville 
Coal fly ash® (5) Fy 6.9 1.6 6.9 
Colbert, TVA : 
Coal fly ash¢ (5) 1.6 2.7 2.8 2.7 


Widows Creek, TVA 
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the reaction and forming C0, and water. However, all of the combustion 
processses we employ are, slowly but steadily, increasing the C0, content 
of our atmosphere. In the long-range, this could produce serious climatic 
alterations well into the next century as outlined in Section VI. If 
these fears materialize we will have to turn to other methods rather than 


combustion to nroduce electrical nower. 


(f) Future Prospects 


Public utilities are in business to generate electricity, not to process 
chemicals. Nothing could be wanted less around a power plant than a 
complicated chemical process for cleanina flue gas that might ago awry 
and force an outage. The utilities would much rather burn low-sulfur 
fuel to eliminate SO, and modify the burners to prevent formation of NO, 
However, some forms of chemical processing seems inevitable for coal- 
or oil-fired plants. From the information presented previously, it is 
clear that the abatement of air pollutant emissions from fossil-fuel 


plants will increase the cost of electrical power. Using consensus 


. 


estimates it is believed that air poliution abatement programmes only 
for fossil-fuel plants may increase costs in the following manner as 


more control is used and certain types of fuel become scarcer. 


Year Price Index Reason 

1972 1.0 - 

1976 1.10 SO, Flue Gas Abatement 

198] 1.15 Some NO, Abatement 

1986 1.20 S05 NO, and Trace Metal Abatement 
199] 1.20 - 
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It should be emphasized that these crude estimates are only possible 


with our limited knowledge. 


Nuclear Fuel Plants 
In normal day-to-day operations, nuclear power plants are permitted 
by law to release radioactive substances to the environment in gaseous, 


solid and liquid forms. 


The standards applicable to the overation of a nuclear station for 
effluent releases from the station are radiation dose standards set 
by the Atomic Energy Control Board, based on the recommendations of 


the International Commission in Radiological Protection. 


As a matter of interest some common risks normally encountered at pre- 


sent are compared to those presently associated with the generation of 


nuclear power below 
(1) Death by Auto Accident TAN D000 
(2) Occupational Death 1 in 10,000 
(3) Death by Commercial Airplane 1 in 100,000 
Crash 
(4) Death or Handicap by X-ray 1 in 200,000 


Diagnostic Dose 


(5) Death or Handicap by Nuclear 1 in 200,000 
Plant Radiation 


A certain amount of radioactive material is released routinely in the 
Operation of a CANDU-type (Canadian Deuterium Uranium) power station 
both via the ventilation system and via the condenser coolina water. 
An extensive effort is made to minimize the release of primary coolant 


and moderator since it is heavy water and valuable. Other radioactive 
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releases are controlled, but an extensive effort is not made to reduce 
tnese to the absolute minimum. The primary released quantities are 
summarized below. Generally, they are only a fraction of the Derived 


(allowable) Release Limit (DRL a 


Permissible daily Actual daily * 
releases (averaged releases (averaged 
over one year) over one year) 

Gaseous Effluents Ci/day Ci/day 

Tritium (oxide) 4x 107° 5c uaoae 

Iodine - 131 7 x 10? 30 

Noble gases biiK 10° 4.4 x 10° 


Tritium is an activation product produced in the reactor by neutron bom- 
bardment of heavy-water moderator. It has a half-life of 12.5 years 

and represents a possible long-term hazard due to build up in the bio- 
sphere. Studies indicate that, even in an expanded power industry, in 
the year 2000 the annual increase in background dose due to tritium will 


be less than .001% of natural background dose(55) | 


Iodine-131 is a fission product and only appears if a defect occurs in 
a fuel bundle. Fuel defects have been occurring in CANDU reactors and 
small quantities of Iodine-131 have been released on occasions, but 

again, only a small fraction of DRL. Future improved fuel performance 
and ventilation system design are expected to reduce this even further. 
Exposure pathways for iodine are by inhalation and through foods (pri- 


marily milk). 


* Values supplied by Ontario Hydro for the (200 MW) Douglas Point Proto- 
type Station, which is a comparatively small station by present-day 
Standards. 
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The radioactive noble aases mav be fission products or activation pro- 
ducts. The fission products are isotopes of Argon, Krypton and Xenon. 
Noble gases have so far been the major radionuclide arouo released and 
in some years have averaged 10% of the DRL. Imorovement in fuel desiaqn 
and delay storage systems will help control emissions from future large 


multi-unit stations. 


The amounts of radioactivity found in the environment as a result of 
present-day reactor operations are indistinaquishable from those due to 
natural background and fallout from nuclear-weapon testina. Radiation 
caused by nuclear power stations can be kept well within the limits im- 
posed by current radiation protection standards, but the question has 
been raised if this will he possible as more nuclear plants come into 


existence, or if allowable limits are reduced. 


One of the fission product gases which is of concern if fuel reprocessing 
is undertaken in Ontario is Krypton-85 (10.5 years half-life). Sometime 
after the year 2000, Kr-85 released in fuel reprocessing could deliver a 
skin dose which is an appreciable fraction of the currently allowable 
maximum an individual is permitted to Pea) and far more than will 


likely be allowed under future requirements. 


The principal types of nuclear power olants presently in operation in 
the us, (96) are of a different type than the CANDU, and are also being 
considered by Ontario Hydro as possibilities in their planning. They 
utilize liaht water in the pressurized-water reactor (PWR) or a boilina- 
water reactor (BWR). Radiation exposure at the site boundary of the 
American systems are presently restricted to 0.005 rem/year, however, 


actual exposures are estimated to be considerably less than this. The 
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Americans are beginning to design plants with reduced emission levels. 
It is impossible to make a simple comparison of the effects of effluents 
from nuclear and fossil-fuel plants. Gas emissions from nuclear plants 
produce ‘whole-body’ exposure whereas radionuclides in fly-ash repre- 
sent hazards to specific parts of the body. If the fly-ash is insoluble 
it lingers in the lungs; if it is soluble it passes into the blood and 
settles in the bone tissue. Some investigators have attemoted to com- 
pare these emissions as fractions of total dose limits allowed by the 
International Commission on Radiological Protection (ICRP Dose rimit) (27), 
The CANDU and American nuclear systems are compared to a coal-fired 

plant in Table XIII. This rough comparison illustrates that, from an 
air quality viewpoint, nuclear plants and coal-burning plants represent 
about the same hazard of airborne radioactive substances. Such emissions 
from coal plants can be decreased by better particulate control. The 
long-range concern is about the total amount of atmospheric radiation 
which will occur as more nuclear plants are built. This problem is dis- 


cussed more fully in the next section. 


Water Pollution 
Fossil-Fuel Plants 
The release of conventional (i.e. non-radioactive) wastes from thermal 
generating stations does not currently present serious environmental 
problems nor are such problems expected to arise within the next twenty 
vears provided that the requirements of the Regulatory Agency are 
followed. Effluents, such as spent boiler clean-out solutions, water- 


treatment wastes and coal-pile drainage, are easily treatable at rela- 
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tively low cost, utilizina existing technoloay. 


bischarges originating from wet ash-disposal systems however, may re- 
sult in the release of unacceptable quantities of ash or dissolved 
solids to the aquatic environment, unless the disposal systems are de- 
signed to minimize such releases. Fly-ash is generally disposed of by 
dry transport, which poses no water pollution problems. At the Nanti- 
coke plant however, a wet fly-ash handling system is being installed. 
Since a greater percentage of soluble material is present in fly-ash 
than in bottom ash (i.e. boiler slag), the transport water will contain 
unacceptable quantities of dissolved solids. Consequently, it is plan- 
ned that the slurry water will be recirculated through a lagoon and re- 


used rather than discharged directly to the lake. 


Unfortunately, there is a greater input of water to the lagoon than is 
re-used. As a result, a discharge to the watercourse of about 440 gpm 
is exnected. The extent to which dissolved solids will build up in the 
lagoon waters is unknown, It is expected however, that the water will 
be saturated with the various salts leached from the fly-ash and the 
discharae of dissolved solids to the lake could conceivably ae ceRG 25 


tons per day per 1000 MW 


If future fossil-fuel electrical generation stations were to utilize a 
system similar to that at Nanticoke, and further, if the discharge of 
solids is the same as that possible at Nanticoke, siqnificant quantities 
of dissolved solids will be discharaed to the Great Lakes from each 
olant. It must be concluded therefore, that the only suitable method 


of fly-ash disposal for future plants is by means of dry transport or 


79 


“ob 9 bn | 
ness | 


ort ai qw bifud ITtw zbtfoe bavfozeth Aatdw od tnadxe ont -9d29qxe ah 

Tiw vaden oi3 tan? , vevewor bosoeaxs et $f .nwondau ab evatew 51 
ond brie dze-vI? ont mort boroea adler avotrey arid ay th eee 

éS$ bseaxa yidsvlasnos biuos odst sid 03 tot foe bev foezetp to 9061 

i OOOf 19q yeb “Haq on oa 

é ostiitu of stow znotisze2 abide Taotajosis [sut-ftezo? sigur” Dik? | 

to spyargeib or? th ,vedew? bre ,ollaohinet te tors ot aeltmte madeve’ Re 

zafstincep dna }itacte , S40atsneh $6 sfdtezea tard 26 améz2 snd 2f ebtiloe ae 

ioe movl 2045) Seetd sed 03 banveddeib sd [fiw ebtloe hevfozeth ta ‘ 

ooristem sidextue vino af3 3ead ,evotatedd bebulones sc Jour 3] ~. anata 


YO Sveognes? vii; 1O engom vd 22 2fneiq swwsut 40? feaoneth ses-vlF Yo. 


oy 


by a completely closed recirculation system. The technology is avail- 


able to implement this suaqestion. 


Nuclear Fuel Plants 

(a) Radioactive Releases 

The release of radioactive wastes to the aquatic environment is regu- 
lated and limited by the Atomic Energy Control Board. At the present 
time, the release limits are based upon the radiation dose limits for 
individual members of the public. They have been converted to con- 
centrations of the various radionuclides in water, which will not pro- 
vide an unacceptable radiation dose for a hypothetical group of in- 
dividuals who might be drinking the effluent from the station and con- 


Suming fish that have grown in the effluent channel. 


Experience with several reactors in Canada has shown that the actual 
release of radioactive wastes is only a fraction of the allowable re- 
leases, based on concentration criteria. This is due laraely to the 
fact that concentrations are measured in the outfall, and reactor op- 
eration requires large quantities of water for cooling purposes. 

Using these vast quantities of cooling water as a sink for the dis- 
posal of active wastes has enabled the industry to largely avoid treat- 


ment of such wastes for removal of the radioactive constituents. 


A typical CANDU nuclear generating station operating with a once- 
through cooling water system requires about 800,000 apm of water per 
1000 MW of generation capacity. Based on the approximate average flow 
rate of the St. Lawrence of 9.3 x 107 apm, about 117,000 MW of nuclear 


capacity will utilize the equivalent quantity of water flowing through 
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the Great Lakes system. 


If all of these future nuclear plants were to release the quantities 
of radioactive waste allowed by existing AECB requirements, the water 
and fish within the Great Lakes might eventually contain radioactivity 
to the extent that the maximum permissible radiation dose levels would 
probably be received by a significant segment of the population of the 
Great Lakes areas. Recently, the Atomic Eneray Commission in the U.S. 
reduced the allowable releases of radioactivity from certain types of 
reactors by a factor of about 100, thereby bringing actual and allow- 
able releases more in line with each other. The AECB is also currently 
considerina the establishment of maximum permissible release criteria 
which will more closely approximate the actual releases from Canadian 
reactors. What is not known at this time is whether the new AECB re- 
quirements will, when implemented, require reactor owners to treat the 


active liquid wastes prior to discharge. 


A comparison of allowable and actual releases of radioactivity from 
nuclear power olants shows that such releases can be held far below 
the quantities allowed under current standards. Such releases, how- 
ever, could be still further reduced, sharply in some cases, by the 


application of proven economical waste-control measures. 


“The issue involved is whether the nuclear industry should possess the 
right to pollute the environment or to expose members of the public to 
hazardous materials to a needless extent. If the nuclear power in- 

dustry does, in fact, have such a riaht, then all other industries will 


insist on a similar right with respect to other contaminants. The solu- 
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tion is to require all industries, including nuclear power plants, to 
reduce and minimize all releases of contaminants to the full extent 


that is both technologically feasible and economically fadsonable" (28). 


To quote the International Commission on Radiation Protection (ICRP), 
“The maximum permissible doses recommended ... are maximum values; the 
commission recommends that all doses be kept as low as practicable, 

and that any unnecessary exposure be avoided". The U.S. Federal Radia- 
tion Council has stated the case as follows" "There can be no sinale 
permissible or acceptable level of exposure without regard to the 

reason for permitting the exposure. It is basic that exposure to radia- 
tion should result from a real determination of its necessity". From 
Such admonitions, a policy of actively minimizing all human radiation 


exposure is clearly required of any responsible regulatory agency. 


The question of how much radioactivity should be released to the aquatic 
environment for operations connected with the production of power is 
highly contentious. The necessity of balancing risk and benefit is ob- 
vious, but subject to great uncertainty. In view of the growing con- 
sumption of energy and the existence of other environmental forces direct- 
ing us toward the installation of greater nuclear power capacity, and to 
ensure that the build up of radioactivity in the environment Should not 
become an undesirable burden on future aenerations, it is recommended 
that the following policies be adopted; 

(1) Radioactivity in the aquatic and atmospheric environments 

attributable to controlled releases from all operations should 


be kept to the lowest practicable level. 
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(2) The total burden of radioactivity in the water, sediments, 
and biota of the Great Lakes should not be ailowed to in- 
crease by the discharges of radioactivity from nuclear oper- 


ations. 


(v) Thermal Discharge 

Electrical power generation plants, whether nuclear or fossil fueled, 
have an eneray conversion efficiency of between 30 and 40 percent. The 
fossil plants discharge a small part of their waste heat into the air, 


while all the waste heat from nuclear plants goes into the water. 


Tne use of water for cooling nurposes is a common practice in many in- 
dustrial operations, and particularly important in the generation of 
electricity. Although thermal waste is common to both nuclear and fossil- 
fuel plants, nuclear plants produce substantially more waste heat per 
unit of electricity qenerated. Energy-conversion efficiencies for exist- 
ina plants and some possible future improvements are iisted below; 


Portion of Energy 


Type of Plant Converted to Electrical Power 
Fossil fueled plant 38 to 40% 


Proposed fossil plants with 
MHD topping cycle 53 to 59% 


Present heavy and liaht water 
nuclear reactor plants 30 to 32% 


Proposed advanced nuclear 
reactor plants 39 to 43% 


The electrical-power industry has a strong economic motivation to im- 


prove these conversion efficiencies and reduce the amount of waste heat 
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they discharge. The prospects of a siqnificant improvement beyond the 


limits shown above by the end of the century is rather dim. 


The present controversy on thermal 'pollution' has arisen because of 
the phenomenal growth of the electrical-power industry, particularly 
in the United States, where many power stations have been built on rela- 
tively small lakes and rivers, and have sometimes caused siqnificant 


ecological changes in the aquatic environment. 


Predicting the effects of waste heat on the aquatic environment is onlv 
in the initial development stage. Since temperature is considered to 
be the primary control of life on earth, it is therefore important in 

a body of water. Because the surrounding temperature can determine the 
species that will live and reproduce, ecologists are deeping concerned 
with the threat to fish and other aquatic life forms which can occur in 
the future, because of increases in power demands. 


One or more of the following effects may be induced by thermal dfecharaes 2 /, 


As water temperature rises in a river or lake, dissolved oxygen levels 

may decrease - a biologically important factor. Decomposition of organic 
(sewage) waste is accelerated by elevated temperatures, thereby further 
reducing dissolved oxygen levels necessary for the maintenance of a healthy 
habitat. There is a decrease in spawning success and in the survival of 
young fish. Normal biological rhythms and migration patterns are confused. 
Prey-predatory relationships are disrupted. OQOxyaen concentrations are de- 
creased at the very time when more oxyagen is needed by the aquatic life 


because of the increase in tempertture. 
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Not only is the temperature of the water increased, but there are apt 
to he sudden changes in temperature, for example, due to shut-downs 
of the plant. It is therefore difficult for a new web of species, 


adapted to the warmed temperature, to become established 6°). 


Apart from other factors such as light and nutrients, heat may also 
Stimulate algae growth. This is important from the aspects of water 
supply and recreation. Massive growths of algae increase water treat- 
ment costs. Also, if certain types of alaae predominate, taste and 


Odour problems can be experienced with the water supply. 


Therecan also be beneficial effects of heat innuts to watercourses. 

In winter, heated water may prevent ice formation and promote navigation 
in water passages normally blocked, although the economic advantages of 
this seems questionable at present. Growing seasons can be extended and 
rates of growth increased for fish in their natural environment and in 
fish farms because of higher water temperatures. Swimming areas could 

be provided in certain cold-water lakes, thus increasing the recreational 
potential of those lakes. However, summertime algae growth may discourage 
sviimmers and boaters. Utilizina the kinetic eneray of the cooling water 
to induce local water-circulation may prove to be beneficial in improving 
local water quality. The Hearn plant coolino-water System is considered 
to enhance the water quality in the Toronto inner harbour by inducing a 


continuous circulation within the harbour. 


Although thermal discharges are not known to be a serious problem in 
Ontario at this time, available information is inadequate and extensive 


Studies are being undertaken on this matter, particularly with respect 


76 


neat ne 
on — ist wignihe 


; al ing Mains nai . 
Stage cat svete 
o2ls yam teen emp tgua, an.telahls yar biget a 
4 ih nergy 
s93hw YO edo9qes oY mon? Inadvoqal 2t hat at 12 io 
-teo1t -istew sesetant o60i6. 10 adawore svtzest, nolasers ab . 
‘bas. st26) .atanimoberq 96p{6 Yo eeqys nfesne2 ag 02h r, ase se 


ulaque yetew ond ridtw begnetysgxs ad ns anol oO Wwe 


<agzwartadew oF etuant deen, to, 2sastte -[stottoned ise fe wait 
nokispiven stanoys bos notieniw? sot seeverq vem V9IsW bes 69i,, : 
to 2epsinavine stmonvas oft dovorit{e ,badzold yl fsaron #8262260 7 . 
bns bebnetxe ad 969 enoeset ontword .Ineasrq 36 si dsnoti2sup pmggz 2 
nt bee daamnortvas fswien vtont ot det? 407 bezegiont Alwotp.% 2 
bfuoo 26a7s ontwntwe .eewisis0mad 1936" rerintd to s2uso9d enrvad 
Tenott sov99" of7 patessyant ews , 20461 atew-bf 02 nferiso nt baotveve 8 
ops 1waz2 tb yen djworr sap!6 smisyvommue \rovewoH 28:61 needs ro totam 
satew ontfoo> 23 to vpiens aisonts oft ontst ira . #182600, Das er: 
prtworgmt mt [atotrened sd 3 syovg. yam aoltsluorto-yesaw beaar. soubnk 
betebtenoo 2 mas 2y2 suauie- hm fais insta mot gat yd tTeup Medal tet an 
6 ontoubat yd swodred sonnt ainoyoT a3 nf yi t Teup sosew ond someting 


wuodrart 92 athytw noliefuarts auount3na > 
> 
ni mefdew) 2voivee s od od sword son ons, zonVsriDeTb femredd, apuonath . Ki 


ovtenssas bas atsunadant! 2t notsemotat efdelteve , ants, etd? 36 ofvsany © 
a. 

toseze1 diw ylvelustineq ,1edJem z2int no ngASI TeoTW onted e168 29ibyf2 - | 
; 7 | 

ay 


“ 


to the long-term effects. Further, the thermal characteristics and wat 
quality of the Great Lakes differs significantly not only from lake to 


lake but at different locations on a given lake. 


Recent studies sponsored by the Federal Government!) have indicated 
that waste-heat inputs to the Great Lakes are expected to increase sul)- 
stantially in the period between 1970 and 2000(see Section V). As an 
indication of the magnitude of the thermal input, the total man-made 
input to Lake Ontario for one year in the vear 2000 A.D. is 6 percent 


of the existing annual natural heat content variation within the lak: 


Increases in average surface temperature (considering the whole lake) 
by the year 2000 are unlikely to have any dramatic effect on the ecolocy 


of Lake Ontario. 


Local temperature increases in the area of the discharge may be signifi 
cant. The thermal plume from the Lakeview generation station, for exame. 
is detectable at distances greater than one mile from the discharge point 
on occasions (see Figures 7 and 8). Near shore dynamics are such that une 
would expect the thermal plume to be detectable in excess of one mile 
radius from the discharae point for a coolino-water discharge of approx 
imately 2000 cfs at 16°F above lake water temperature. (Proposed piants 
will discharae in excess of 10,009 cfs at similar temperatures.) It is 
now possible to estimate the physical extent of thermal plumes on lakes 
(62, 63, 64, 65, 66) and riverste! However the long-term chemical, 


bioloaical and modification of the local fishery effects are not known 


but are under study. 
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(ake Erie iS a special problem. It has been despoiled by a wide variety 
of man's waste, predominately from the U.S. shore. Reference 61 states, 
that Erie wiil be receiving the same man-made heat input per unit sur- 
face areas as Lake Ontario between now and the year 2000. Because it is 
considerably shallower, its overall temperature increase and localized 
water temperatures may be much greater tnan those for Lake Untario and 
it is expected that local fishery and biological activity will be 


affected. 


Some areas are much more sensitive to thermal discharges than others. 

In particular, regions where nuisance levels of algae presently exist 

should be avoided (eg. western and central basins of Lake Erie, etc.). 
Thermal discharqes should be avoided in known fish spawning grounds 


or in viable fishing regions. 


Because the near-shore regions of the Great Lakes are highly variable 
in physical, chemical, and biological character and because many 1o0ca- 
tions are unique, those organizations using the water for cooling should 
clearly demonstrate by appropriate studies that the discharae does not 


cause adverse effects at the discharge site. 


In view of the unique features of Lake Erie and the possible overall rise 
in temperature over the next thirty years, Ontario Hydro nas been advised 
by tne OWRC to consider the installation of cooling devices on any future 


thermal-electric-aenerating station on Lake Erie. 


The joint Canada-U.S. agreement, which is currently in the final stages 


of preparation, will likely contain objectives for discharaes of heat to 
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the Great Lakes system. Finally, certain quidelines for governing 
thermal pollution of the Great Lakes and other waters of Ontario bv 
electrical qenerating stations should be established: 

(1) In those instances where harmful effects can be nredicted, 
alternate cooling facilities, which will not seriously im- 
pact the environment, should be employed. 

(2) In those instances where potential harmful effects may exist, 
but cannot be clearly predicted, nower plants should be in- 
itially desianed so that alternate cooling facilities can be 
added at such time as evidence indicates significant adverse 
effects. 

(3) Coolina-water discharaes should not alter local existing cir- 
culation patterns such that other water users are seriously 
depreciated, or Spawnina and fishing grounds are effected. 

(c) Alternate Coolina Methods 

The waste heat must be removed from steam electric-aenerating plants, 
but where should it be put? The most rational control method for thermal 
waste is to use the heat rather than releasina it to the environment. 

Yet very little work has been done, which might lead to practical pre- 
sent-day uses for this waste heat. Moreover, the inertia of our present 
“throw-away" nolicy is difficult to overcome. A study of potential uses 


of waste heat in Ontario has recently been conmiteved OS's 


It must be recoaqnized that there are not many uses for waste heat re- 
jected at the low-rejection temneratures., currentlv in use (50° to 85°F). 
To make the best use of the waste heat the power plants will have to oper. 


ate less efficiently and reject its waste heat at temneratures of 200, 
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300 and possible 400°F. Thus, the effective utilization of waste heat 
would have to be gieteded by a completely different operating philosophy. 
Some possible lonq-range alternatives are listed below. 

(1) Warm-water spraying or heating soil to extend growing seasons. 

(2) Heating and coolina of greenhouses. 

(3) Spray irriaation. 

(4) Snowmelting, outdoor heating and wintertime street and road 

clearing. 

(5) Fish farming. 

(6) Area urban heating. 

(7) Waste heat and low-pressure steam for various industrial purposes. 

(8) Inducing better circulation in certain lake regions. 
Presently, the most viable waste-heat disposal method is to put it into 
the air. If the air is used for heat dispersion, localized atmospheric 
neating could become a problem, particularly if the plant were located 


(69) The disruptive effects resulting from 


near centers of population 
dumping massive quantities of heat directly into the atmosphere are 
not believed to be as great as putting it into a lake or river. In the 
next century, hovever if the present forms of energy production and 


associated thermal pollution continue to increase, significant changes 


in climate are believed possible. 


Various disposal methods are available, including direct, air-cooled 
condensers, coolina ponds and cooling towers. In addition, there are 

~ several type of coolina towers and several ways to operate the resulting 
system. Space does not permit a detailed discussion, but Table XIV in- 


dJicates some of the costs associated with various control measures for 
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tnermal wastes. Cooling ponds or lagoons require sizable land areas, up 


to one acre per MW of installed generation capacity. 


Natural-draft cooling towers as seen in Fiaqure 9 are presently the most 
popular alternative. In these "wet" towers, the heated water mixes with 
air and is cooled largely by evaporation, resulting in a substantial 


quantity of water being lost to the atmosphere. 


In Ontario, the environmental effect of giant-size cooling towers miaht 
tue expected to be more siqnificant than elsewhere because of lengthy 
periods of freezing weather durina the winter time. Icing of the roads 
and a reduced visibility, because of stable fog conditions caused by 
moist warm plumes hitting the ground, has caused concern and raised ques- 


tions about the environmental impact of this coolina alternative. 


ltpdated air-quality requlations forthcoming from the Department of the 
Environment will place an emission limit on water vapor such that a 

30 minute average at the point of impingement for a receptor may not 
exceed 0.25 arams of water vapor per cubic meter. This limit is imposed 


to prevent foagina and/or icina from man-made water vapor sources. 


One hvpervolic tower 500 feet high, 300 feet exit diameter and with a 
300 feet base diameter was aeetnee for a 1000 MW nower station. Plume 
rise and dispersion calculations were made for (a) a sinale tower and 
(pb) three towers in a row (a 3000 MW plant) by the methods snecified in 
the requlations. Assuming an exit speed of 20 ft./sec. with an ambient 
air temperature of 20°F and wind speeds from 15 to 25 miles per hour, 
some increase in the water-vanor concentrations at around level or up 


(70). 


to 200 feet above around level was found However, even for rela- 
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FIGURE 9 


FOUR COOLING TOWERS serve the Key- 
stone Steam Electric Station in western 
Pennsylvania. 


WATER 
IN 


AIR: AIR 
IN IN 
WATER — 
OUT 


COLLECTING BASIN 


85 


»? ok Ae bate: +1' Ose] . 


i i Me : Ome i a ot Oey ie 


> ae . 
iy Tey Te a 
a 
. 
>) | 7 
‘ My i ut. 
‘=e pia a 
"ee ) 
ALA 
$i | 
; a vee ta. 3 
y oe a ‘ 7 
aa 5) a. 
’ | Pare. 
i i Ny hy’ 
oA add weve QATTHOT OVLIOOD. AOE 2 ae 


reste a al agiie vormsll mans anole ye’ 
abe ely need : ie 
: 
{ 


“ 
' 
‘ 
y) AY 7 


Vi2ED QWITGGLIOD | 


<* 
oo 


tively improbable weather conditions the water-vapour concentration 
derived from such cooling towers should not exceed 0.05 grams /cubic 
meter on the qround and up to 200 feet above the qround, for a distance 
up to 13 miles away from the tower. Consequently, it appears that this 
cooling concept will not cause around-foq formations or icina of the 
roads, provided that no downwash occurs in the wake of these hyperbolic 
towers. Others who have examined this problem have also arrived at the 


same conelusian’? (+72). 


The plume-rise equations emploved are not rigorously valid for extremely 
moist plumes. Moreover, model tests have shown that aerodynamic flow 
disturbance behind the tower can, under certain wind conditions, produce 
a downwash causina the plume to touch down a few tower heights away and 
deposit water on the ground. A buffer zone of perhaps 1 mile, around 
evaporative coolina towers, could prevent a local reduction of visibility 
and ground icing on public property. 


(70) indicates, that this cooling method 


A\thouah the preliminary analysis 
will probably, in the next two decades, result in lower overall envi ron- 
mental impact than nutting waste heat into water, more work in this area 
is needed. In particular, the flow characteristics of the plume in the 


wake of arrangements of several towers must be determined. 


flso, it should be noted that when wet cooling towers are used for fossil- 
fuel plants, the 50, emissions may interact with the water formina sulfuric 


acid mists. Obviously such situations should he avoided. 


“Ury" coolina towers which contain a closed-circuit,coolina-water systems, 
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would resemble giant automotive radiators. They eliminate some of the 
problems of wet towers outlined above. The clear advantage of the dry- 
type coolina tower, over all the other cooling devices, is its independence 
of large bodies of water. It would permit consideration of many more 
potentially attractive sites and would reduce the demand for highly valued 
land adjacent to water bodies. Its major disadvantage is its high cost 


as shown in Table XIV, and it is not yet technically possible. 


(d) IMPACT ON LANG USE 

It is forecast that by the year 2000 the population of Ontario will in- 
crease to approximately 12 million, of which 80% will be urban dwellers. 
With an ever-increasing urban population, demands on the land, air and 
water will become greater. Because of the lack of foresiaht and ever-in- 
creasing pressure for economic and physical "growth", land-use patterns 


have emerged that are proving to be an environmental quality problem. 


Hydroelectric Power Generation 
Cams and reservoirs affect water quality through thermal changes and in- 


terruption of the natural patterns of stream discharge. 


The physical changes resultina from hydroelectric- power production affect 
fish production ty preventina miaration to spawning beds and causing fish 
kills. Spawnina and nursery habitats are destroyed or chanaed. Waste 
entering the water from construction sites affect the chemical and ohysical 
Properties of downstream habitat. Nev species of aquatic life can be in- 
troduced into receivina waters disrupting fish communities and introducing 


new diseases and parasites. 
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Stream regulation and diversion for the aeneration of power must be 
compatible with existina downstream water uses, nor should flow regula- 
tion inhibit downstream development by denying the water resources to 
downstream users. In no instance should the river flow be reduced or 
fluctuate to such an extent that water-auality impairment exists down- 
stream as a result of existina uses. This has occurred to some extent 


on tne Aadawaska River. 


Low-water levels can limit recreational use, decrease shoreline pronverty 
value and jeopardize aquatic biota. In addition, the fluctuatina flow, 
comLined with hiaher than normal peak flow rates durina periods of max- 
imum power qeneration, contributes areatlv to increased erosion rates of 
the stream bed. The hiaher sediment loads carried by such streams impair 
the quality of water for potable use and consequently increase the costs 


of treatment. 


It is also possible for diversion of flow through hydroelectric generators 
to decrease substantially the desirability of a waterfall as a tourist 
attraction. Niacara Falls, for examnle, is one case Wer the requirements 
of tourism have dictated that a minimum streamflow over the Falls be main- 
tained. Kakabeka Falls on the Kaministikwia River near Thunder Bay has 

not fared as well. This Falls, once one of the finest natural atrractions 
in the area, has been reduced to a fraction of its normal flow because of 


the diversion of the water for power generation. 


Both in the operation of existina hvdro generation plants and in the plan- 
nina of new possible hydroelectric facilities, it is recommended that 


decisions affectinc the following areas be carefully co-ordinated between 


88 


1e baovban wo Eanes nie z oes nt 
Awr “pub eqs Lae Te, (vied 4 ‘ he 
neigh teins Sse tect cm : ° . 1 4 7 matt on 
~ gnedxs qe of bavwusae tan eter a ont eta 


i i. ae a 
yirs0c% sAtiovotz seser9eb , au fenolteavoe7 ahah ts 89 
~wot? pntteusoul? org -flott (bbs nl -G2ord atteups sth 
-xem Yo 2botreq pith 2oge1 wort 2609 inarvon nent radon tiatw t 


to 26284 notzove bezesrant od visKers resudtraaos snoktevonse 


a: 7 


‘thoamt amseste ave yd betes apaol Inenithea yeroth ont bod mesa, 


2¥202 sit szsevant yfdasupsenos bns sav s{déi00 rot a9t6w to inal 


vi tnsnaoont % 
erosersieg oidlelsorvyl Apuinds WoL? to norevevib wt sfdtezod oats ot a Pp = 
sztsyot 6 26 fIstystew 5 to yatitdavtzed odd yffertnetedue ays a 
a 
2tnomertunen 94% s19dw sess nO 27 ,sfomsxs To? etfs Byenety ..nohdo6 nik rae 


“fits 3d 21' st sit yevo woltmsett2 mumtntm 6 Jed? bedsgoth eved matrwas ¥9 Oo te | 
esd ysd WbnurT ween vovih atwitietnimed eit ao effet sdods Ae} “ oo 
enotioryits Tater front? ant to ana SIO 2f fs? 2reT Tew 2% bov8? 3 an 
7o s2us79d wort femvon att Yo aottoart 6 oF baovhey may 26f . 6976 vd a nis 
“oriseyenep iswoq 767 1936 en Yo notzvevt , og 


“nafa orld nt ons 23netq nobtorensp ovbvd nntzetxs Yo nottsraqo ant it as ; 
Sarit. babnanmossy et Tt .asitti tos? atytosfeowbyd efdtezoa wen Yo anth 


neawsed beisnibye-oo vifuterss ed 2se78 natwolfo? snd onttas?ts enotetoot a 


1 
[s a. 


cognizant government departments ; 

(a) Effects of water-level fluctuations on flora and fauna, shore- 
line erosion, timber production, and recreational use unstream 
and downstream from dams. 

(b) Effects of dams, diversions, etc., on the aquatic environment. 

(c) Details of land clearina for impoundments. 

Furthermore, it is recommended that in these operations; 

(a) A biological investigation is a prerequisite for any feasibility 
study undertaken for future hydroelectric power develonment. 
Furthermore, long-term studies are necessary to investigate 
future water needs and potential of major diversions. 

(b) Land should be purchased and managed for public access, boat- 
launchina, shore fishina and other facilities within the reser- 
voir and upstream, and when practical, reservoir levels should 
ve maintained for optimal recreational benefits. 

(c) Flows should be maintained to ensure upstream migrations and 
spawning and culture of fish in downstream waters. When spawning 

pabitat is lost, stocking and spawning channels be provided. 

(d) Water quality should be maintained during construction and clear- 
cutting to above floodwaters and removal of timber should be made 
in every reservoir, to accepted standards. 

(e) The losses and imnact to Indian bands, whose heritage and way~-of- 


life depend upon the waters, be minimized. 


Routina of Transmission Lines 
‘Awproximately 100 acres are required for one mile of transmission lines; 


the farther away an electric station is from the consumers of power, tre 
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more jand is removed from other uses. Yet, the closer a power plant is 
to consumers, the greater the chances of harmful exposure of large numbers 


of people to the various pollutants produced by these plants. 


Most of the environmental factors suqgest that the generation plant is 
best removed from the population centers, at least until several of the 
pollution techniques discussed previously can be oractically applied. 
Nevertheless, the aesthetic senses of increasing numbers of people are 
offended by transmission lines and certain other environmentally ques- 


tionable practices in maintaining them. 


Ontario Hydro appears committed to construct new riahts-of-way in Southern 
Ontario in such a wav that thev will have the minimum impact on the sur- 
rounding tonoaraphy. However, it is reported that separate (less strict) 
procedures will be issued for Northern Ontario. It is sugqoested that 

the policy adopted for Southern Ontario be extended to areas weahe Dehare 
Ontario in the vicinity of present and possible future populated areas, 


and areas havina present or future recreational and aesthetic values. 


The use of herbicides and defoliants in clearing and maintaining trans- 
mission line rights-of-way has been questioned by several conservation 
aroups and individuals in briefs to Task Force Hydro. The Ontario Pesti- 
cide Advisorv Committee was requested to investigate this practice. 

They ponclude, the current practices of Ontario Hydro, the type of 
herbicide used, the applied concentration and method should not lead to 
future difficulties. Theie report suqaests that public qroups be fully 


informed of the practices and invited to accomnany the spraving teams. 
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It should be noted that other types of ground-cover can be planted and 


used for weed control purposes. This approach should be encouraged. 


In summary, the following recommendations are made with respect to 
transmission line routing and procedures: 

(a) Begin development of techniques directed toward the future 
replacement of some transmission lines with underground 
cables. 

(b) Intensifv studies on multiple use and to utilize riqhts-of- 
way for recreational purposes. Accelerate on-going studies 
on how to obtain additional multiple use values from trans- 
mission lines vy establishing and maintaining low cover for 
wildlife habitat and food. 

(c) Intensify studies to maintain or improve the aesthetic values 
related with installations themselves and field operations by 
sculpturing, visual screenina, etc. Where at all feasible, 
lines overhead of water should be replaced by submarine cables. 

(d) Study the nroblem of transmission line location in the aari- 
cultural areas of Southern and Northern Ontario with the ob- 
jective of minimizing the destruction of woods and trees. 

(e) Proposed routes be discussed with regional and urban planners 
and the public at an early stage, so that the selected design 
and route may be comoatible with desiqnated zone uses and public 
desires. 

(f) Environmental impact statements be prepared and be co-ordinated 
with other departments and the public for the routina and plan- 


nina of transmission lines. 
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Solid Waste Disposal 
The disposal of ash waste materials, mostlv from coal-burnina plants pre- 
sents little problem in terms of utilizing this material in controlled 
landfill sites. The product is relatively inert, poses little leachate 
problem, can be easily handled and spread on the site and when covered 
with approximately two feet of top soil and sodded, can be used almost 


immediately for limited recreational purooses. 


Some preliminary research has been done usino fly-ash as a filler material 
for road foundations and also as an agareaate forcinder-block construction 
and undoubtedly additional uses can be found for this product in the 


future ot 


Radioactive waste is also reaulated at the federal level. Originally, 
tne philosoohy of radioactive-waste disposal was to have all material 
buried in one controlled site on crown land so that control] in perpetuity 
could be effected. Since the incention of radioactive-waste disovosal, 
data collected with resnect to on-site safety techniques, miaration of 
radioactive products and aeneral control of the site indicate now that 


otner sites may be considered for this purpose. 


Liquid radioactive wastes can be processed in a number of ways to reduce 
the amount of radiation to a voint where secondary methods of disposal 
can be employed. Some of these methods would include; 

(a) chemical precipitation 

(b) jon exchanae . 

(c) absorntion 


(d) dilution and discharae into sewers 
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(e) deep-well disposal 


(f) combustion 


It should be remembered however, that in each type of treatment, there 
will still be a solid-waste disposal problem associated due to the various 
by-products nroduced, process material and basic equipment, which will 


wear Out over a period of time. 


At present, it is very difficult to quantify this aspect of waste material 
associated with eneray production, until firm figures are available with 
regard to percentages of eneray produced by nuclear sources as comnared 


to others. 
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Section IV 


ENERGY AND THE LAW 


(a) CURRENT LEGISLATION 
Air Pollution 
Province of Ontario 
Ontario has enacted the most comprehensive air-pollution renee tation in 
Canada. Control is exercised under the recently passed Environmental 


Wea which also includes legislation for water, solid 


Protection Act 
waste, noise and pesticide abatement and control. The Air Management 
Branch, part of the Department of the Environment, enforces the Act, 


througn a set of air-pollution reaquiations. 


Emission standards for some eighty contaminants are stated in terms of 
ground-level concentration at the point of impinaement (3; hour averaae), 
for which the control system must be designed. In addition to the emis- 
sion limitations, the general regulation also includes the desirable air 
quality for some 27 air pollutants. Specific regulations uovern emis- 
sions from automobiles, asnhalt plants and ferrous foundries. A sulfur 


content in fuel reaqulation is limited to Metropolitan Toronto. 


An Air Pollution ee system is in force in 4 areas, Metropolitan 
Toronto, Hamilton, Windsor and Sudbury. The Index is used to reduce 
harmful emissions, depending upon adverse meteorological conditions. 
The Index is a 24-hour running average of sulfur dioxide and solid par- 
ticulate values and has been determined from past air-pvollution episode 


conditions in other parts of the world. 
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Table XV compares air-quality objectives, which have been in effect in 
Ontario for several years, with the values recently announced by Environ- 
ment Canada*and the Federal U.S. standards. Generally speaking, there 
are no significant differences between the three and thus, North America 
has rather uniform air-quality objectives and Ontario's programme is con- 


sistent with these goals. 


Federal Government 
In order to bring about uniformity across the country The Clean Air 


Act of 1971 (Bill c-224)'77) 


provides for agreements between the pro- 
vinces and federal government. It could also provide for funding of 
provincial programmes operating to standards set by the federal govern- 


ment. 


Federal installations, which have been exempt from provincial require- 
ments, will be required to meet federal requirements. These may or may 


not be as stringent as the provincial requirements. 


There is authority in the leaqislation to: 
(1) set national air-quality objectives (Table XV) 
(2) set national emission standards where the emission could 
cause a national health hazard, or to comply with the terms 
of an international agreement, such as those involved with 
transborder pollution 
(3) requlate the composition of fuels imported into or produced 
in Canada, and 
(4) set national emission guidelines. 
*Environment Canada is the federal department responsible for the admin- 


istration of The Clean Air Act. 
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Sulfur Uioxide 
lohr 
24 nr 
a 
Particulates 
24 hr 


] y re*xx 


Carbon Monoxide* 
oar 


S hr 


Oxidants 
Lear 

24 tir 
lyr 


Hydrocarbons 
SVR 


* mevin® 
ne 3 hr. max. 


TABLE XV 


NORTH AMERICAN AIR QUALITY OBJECTIVES 


in mass units (uq/m?) 


with volume units (ppm) in brackets 


Federal 
Max. 
Desirable 


450 (0.17) 
150 (0.06) 
30 (0.01) 


69 


109 (39.05) 


30 (0015) 


20 (0.01) 


‘ali ceometric mean 


Federal 
Max. 


Acceptable 


900 
300 
60 


120 
70 


35 


160 
90 
30 


160 


96 


(0.34) 
(0017) 
(0.02) 


(0.08) 
(0.025) 
(0.015) 


(0.24) 


Sec 


150 
60 


40 
10 


160 


160 


Uas 


ondary 


(0.10) 


(35) 


(0.24) 


ONT. 
OBJECTIVES 


36 (30) 
16 (13) 


200 (0.10) 


3 iJak . 
A 6a 9 rh. - "2 os i's pe * 
- _. @aviraaean yT1 U0 wP 1A . 


‘ | E | 
iv | . Pm\p 1) ‘aahew 226m ish ea hi . pil _ 
ter. avatar “at Vabay orto emu Tov ‘tate ihe ot? ay 
7 eed ‘ - : a. 
= [evebs? mee . va > a9 
- THO 2.0 xen man ‘oe * 
| zavit 23080} yrgbnoss?2 afdaiqovoA sidan tesd a eae 
4 | “"« 
‘ : | | . _ abt ans wifue 
ve ; ' 
| (88,0) daa: **f08.0) O0Ef bg..0) 00 (71,0), 08 
| (0.0) O88 | © (OT.0) O8S (71.0) OC 480.0) o8f 
| ($0.0) 08 | > ($0.0) 08 ($0.0) 08 (10.0) 0€ 
. » 
. esisluaisiet 
: : . ones : 
: . Os! Og Ost wi PS 
i Oe 02 Ot ‘ee hewny f 7 
: ; ; 
: a 
) . *sbtxonol | goons? ; 
j ie te 
(06) a€ (ef) OF (O&) @€ (Ef) ef “dt 
, (ety at | (e) ar (et) et (2) @ at@ 
ee | | : eee 
- . 
_ ' 
(OF .0) OOS | (90,0) Oat 


' 
7 i 


Water Pollution 
A detailed discussion of the legislation relating to water legislation 
is contained in a discussion by Henry Landis, 9.C. entitled "Legal 
Controls of Pollution in the Great Lakes Basin", The Canadian Bar Review, 
March 1970 pp 66 to 157. Manyof the following sections are direct quotes 


from this reference. 


Province of Ontario 

(a) The Ontario dntEG Reouncese commissions hce. — 

The Ontario Water Resources Commission was established as an agent of the 
Crown in right of Ontario in 1956 by the Ontario Water Resources Commis - 
sion Act. The Act provides that the Commission may examine any surface 
or groundwaters in Ontario to determine what, if any, pollution exists 
and the causes thereof, and empowers the Commission subject to the ap- 
proval of the Lieutenant Governor in Council to make regulations pre- 


scribing standards of quality for sewage and industrial-waste effluents 


and for receiving waters. 


No regulations have yet been made prescribina standards of quality for 
waste effluents and for receiving waters. The Commission published ob- 
jectives in June 1967 which were updated in "Guidelines and Criteria for 
Water Quality Management in Ontario, June 1970678)» These objectives 
do not have the force of Jaw. However, the Ontario Water Resources 
Commission Act provides many legal controls,which may be used to secure 
compliance with them, for the purpose of the prevention and control of 


pollution of waters. 
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The quality of water must be related to the uses made or proposed to be 
made of the water. Since Section 27 of the Act does not refer to the 
quality of water for any particular use, the courts have proceeded on 
the principle that the ability or potential of the material discharged 
to impair the quality of the water for any of the uses. for which it 


was suitable at the time of the discharge, is sufficient for an offence. 


The Act emoowers the Commission to apply to a court, without notice to 
any person who may be affected, for an order limited in the first in- 
Stance to a period of twenty-one davs, to prohibit the discharae or de- 
posit of any material into or near any well, lake, river, pond, spring, 
stream, reservoir or other body of water or watercourse that, in the 


opinion of the Commission, may impair the quality of the water. 


(b) The Municipal and Public Parks Act 

Under tne provisions of The Municipal Act all municipalities may pass 
by-laws, inter alia, for preserving shores, bays, harbours, rivers and 
waters and the banks thereof, for prohibiting the injuring, fouling, 
filling un or encumbering of such areas or waters. If the municipal 
by-law encroached on a field within exclusive federal jurisdiction or 
if there was such a conflict or if it was otherwise within an occunied 


leaislative field, it would be invalid. 


The Public Parks Act makes it an offence for any person to thrown or to 
deposit an injurious or offensive matter into water, or upon ice in case 
the water is frozen, or to foul water in any reservoir, lake or pond in 


a public park ina municipality. 


98 


Pda uae 


i 
aly 


10. aehindenl over epeaal pape 
bepreriseth [etoatam orl? to Ae dhbpal vn ee shonin 
$1 rtatiw 10.2820 oft To yns 0? Tes6w an to wttbup odd whe 


> wou 


sonetto a6 ot snstolttue 2) yaprsdoath aft? to ahd pea ba “ he atu peer 
o > 7 aya i 


of gotten tuorsiw .dwoo 6 oF yfags oF narestens) say 2¥o Da 
oat tevt? adt at betimt! vebto m6 tot ~batostts od yen artinee 


-ob 10 snverzeth eft tfetiog of ,aveb 9no-yanowd Yo boirsa 5 od 
sentige .baon .wavin .svef , ifaw yn 1698 “YO ost fatrszen NG +See 
old at , tend sewoststew 10 t9%6w to ybod telJo 10 4 fov1s2s7 | M5913 2 
veiw add to ys tTsup oni binbech yam . noteetmmo) oft to notniao 


3oA_axtts9 9 attdud bas bas tie babel ill (d) 
2260 yun eatttisatotmum ffs 3A feqto trum ant to anotetvorg sng sabay 


bus eteviy .emodyed , eyed ,2aten2 entvisesta 107 .6tls totnt awel=yd 


ae 
Va 
ie we 


satluo? ,pntwwint odd ontstdtdorg 0% ailehlad aimed eat bas eweaiew — 
eae 


featotmum end 21 .2ret6w to 269768 Aoue To confysdmuons YO au patie? = Es 
: — ara) 


xo nottotbetwut fevsbet ovteulaxe atdstw bert 8 mo berosotons wefevd 
= ae 
botava00 a aintiw eetwiedto 2ew JF Tt v0 ‘gotfinos 6 cue esw overt bi a : si 

biisvat ed bluow 3} blot? ovtistetost x 
‘lan Ox 
NG » } 


Dor. 


= 
a 
, ‘c 
od vo swotit of noeis9 yrs 10 cnc ne t7 esoem fon e064 at hies eat 4 


9265) nt ed? socw to ,1e8d68w ont wes dem aytenstic vo 2uoltwini n6 treoqeb 


aft bnoq vo sasi ,thovises) VAs at yotsw fyot at to .mesov? 2f retew ond 


vatisqtotnum 6 at Ay6q atiduq 6 | 


Be 


(c) The Public Health Act 

Any polluted waters that are or may become injurious or dangerous to health 
or that prevent or hinder the suppression of disease are a nuisance and 
may be abated under The Public Health Act. Other provisions of the Act 
deal with the prohibition of pollution of waters. 


(d) The Lakes and Rivers Improvement, Public Lands and the Provincial 
Parks Acts 


—_— ee ee i ee 


These Acts contain numerous provisions and regulations although not ex- 


pressly prohibiting pollution, can be applied to prevent or minimize it. 


(e) The Environmental Protection Act’’>) 


This Act encompasses many of the provisions contained in other acts and 


contains provisions not previously legislated. 


A conservation authority has power to control the flow of surface waters 
to prevent or reduce the adverse effects of pollution thereof for the 


conservation, restoration, development and management of natural resources. 


Federal Government 


(79) 


(a) Navigable Waters Protection Act 
The federal jurisdiction in relation to navigation and shippina does not 
authorize legislation for control of waste inputs and enforcement of 

standards of quality for any other use of water than navigation and shio- 


ping. 
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(>) inland Fisheries 8") 

The exclusive federal jurisdiction in relation to Inland Fisheries 
authorizes leqislation for the conservation of fish, such as legisla- 
tion providing for enforcement of standards of water quality that pro- 
mote this end, and for control of discharges into waters of waste in- 
outs harmful to fish. Standards of quality for conservation of species 
of fish cannot easily be defined. Therefore, conservation of fish is 
too narrow a purpose of legislative jurisdiction to achieve the quality 


of water required for the maximum number and variety of uses specified 


in the Ontario Water Resources Commission Act. 


(c) Indian Act 

The exclusive federal jurisdiction in relation to Indians and Lands Re- 
served for the Indians authorizes leqislation for the reaulation of their 
lives and affairs on a reservation. Under the Act, the Governor in 
Council may make regulations and the council of a band of Indians may 
make by-laws not inconsistent with the Act or reaulations. thereunder, 

in relation to, inter alia, fish, noxious weeds and contagious and in- 


fectious diseases on reserves. 


(d) Migratory birds Convention Act 
This Act prohibits pollution of waters frequented by miaratory birds or 
waters flowina into such waters or the ice over such waters, by oil, oj] 


wastes or substances harmful to migratory birds. 
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(e) Canada water act(2!? 
The following are highlights of the Canada Water Act: 

(1) Together with the provinces, the federal government may desia- 
nate, as a water-quality management area, any body of water 
where there is signficant national interest. 

(2) Pollution of waters in such desianated areas may be punishable 
by a fine of up to $5,000 for each offence. 

(3) Together with the Provinces, or alone if necessary on inter- 
jurisdictional waters, the federal covernment mav launch 
water-quality management programmes in designated problem 
areas. 

(4) Water-quality management agencies may design and operate 
sewage treatment facilities, collecting charaes for the 
treatment of wastes delivered to these facilities. 

(5) Tooether with the provinces, the federal government may 
estaplish joint conmissions, boards or other agencies to con- 
duct water-management programmes. Such nroarammes would be 
concerned with the supply, quality, distribution and other 


aspects of water -- a comprehensive approach to multi-purpose 


water resource management. 


Radioactive Emissions 
The authority, in Canada, which controls all uses of radioactive mater- 
ials includina the operation of nuclear power stations is the Atomic 


Energy Control Board (AECB) assisted by the Reactor Safety Advisory 
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Lonmittee (RSAC). The Reactor Safety Advisory Committee is specifically 
selected for each individual reactor and reviews with the Board's staff 
officers all aspects of the proposed station from preliminary concepts 

and proposed site through design and commissioning to routine operation. 

The RSAC consists of experts in many disciplines and representatives from 
other interested requlatory authorities. For a reactor to be sited in 
Ontario, the AMB, the OWRC, the Department of Labour, the Provincial Depart- 
ment of Health would be represented, along with the Medical Officer of 


Health for the County or areas adjacent to the reactor site. 


(b) INTERNATIONAL PROGRAMMES 

Fish throughout the world are becoming contaminated with mercury. Toxic 
metals and air pollutants are filtering across national boundaries. Many 
nations realize they need to upgrade their domestic environmental pro- 
grammes. Other nations seek new comprehensive policymaking and adminis- 


trative weapons to deal more effectively with environmental decay. 


A great many international programmes have been created in the pursuit of 
uniform environmental goals or standards and joint action on common inter- 
national pollution problems. Canada and Ontario participate in many of 
these programmes, but a bilateral programme with the U.S. is of particular 
interest. The United States and Canadian Governments are working together 
(1) to restore the quality of the Great bakes: a vital asset for a large 
seqment of the nopulation on both sides of the boundary and (2) reduce 


tne transboundary flow of air pollutants. 


‘“inisters of both countries agreed to set up a Joint Working Group to study 
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and evaluate the Great Lakes problem. The Group began to study ten major 
problem areas and by April 1971, issued a report containing its recommenda - 


Prone ooh. 


It urged the two Federal Governments to agree to adopt common 
water-quality objectives for the Great Lakes, to agree to programmes for 
attainina the objectives, and to give the IJC authority to monitor these 


efforts. 


Subsequently, the two Governments agreed to adopt the report of the Joint 
Working Group and to complete a Great Lakes Water Quality Agreement em- 
bodying the recommendations by the end of the year. The agreement will 
specify measures to control Great Lakes pollution by 1975, which may in- 


clude regulations regarding thermal-waste disposal. 


The International Joint Commission has also been active in the evaluation 


(82) Recently, the Air Pollution Control 


of joint air-pollution problems 
Office of the U.S. Environmental Protection Agency issued a set of proposed 
standards. These standards are sliahtly higher than those already adopted 
by Ontario. At this time, Ontario will continue to use the lower values 


and develon abatement strateaies to meet the more stringent objectives. 


fir pollution in the Windsor-Detroit and Sarnia-Port Huron areas has caused 
concern for many years. The International Joint Commission, at the request 
of both qovernments, has carried out comprehensive investigations of the 
inter-boundary flow of air pollutants which jis reported in Reference 82. 
The study recommended that control agencies, in both countries, accelerate 
their abatement programmes to bring all sources into compliance with the 
law. Costs for control of $0. and particulate matter only in these two 


areas was estimated at over $65 million. A committee composed of the 
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neads of the air-pollution control programmes for the State of Michigan, 
wayne County and the Province of Ontario has been established to achieve 


these goals. 


Aithough the IJC programme is active, it is probably fair to summarize it 
by saying that progress in the form of remedial action is slow in coming. 
The U.S. government has not yet provided its share of resources needed to 


carry out the recommended programme. 


(c) PROPOSED FUTURE LEGISLATION 

Province of Ontario 

New exnandedrequlations are being issued in the Envtronmental Protection 
Act, 1971 which covers the emission of many more pollutants. None of 
these will further impact the energy industry. At present, Ontario has 

no reactive hydrocarbon emission standard (reactive hydrocarbons are the 
species which may produce photochemical smog). Either a provincial or 
federal standard seems likely sometime in the future and this could affect 


the refining industry and automotive emissions. : 


The new Act also specifies community noise as an environmental pollutant, 
but the eneray industry has no sianificant noise problems. Although it 

may limit the noise levels of devices which require energy (vehicles, air 
conditioners, mowers, snowmobiles, motorcycles, etc.), these requlations 
Should not greatly impact the energy industry or Significantly alter eneray 


consumption patterns. 


Segments of the OWRC have joined the Department of the Environment. It 
is possible, therefore, that the relevant legislation, namely the Environ- 


mental Protection Act and the OWRC act (83) as they pertain to water pollu- 
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tion will be revised and consolidated into an expanded version of the 
Environmental Protection Act. It is not expected, however, that the 
basic programme as it is currently being conducted by the OWRC will 
chanoe sionificantly. In addition, the new proposed Lakes and Rivers 
Improvement Act which has been submitted, but not proclaimed, will have 


a significant impact on the future uses of water in Ontario. 


The purpose of this Act is to provide for the use of waters of the lakes 
and rivers of Ontario and to requlate improvements in them. It is pro- 
posed that; 
(a) the preservation and equitable exercise of public riahts in or 
over such waters; 
(b) the protection of the interests of the riparian owners; 
(c) the use, management and perpetuation of the fish, wildlife 
and other natural resources dependent on such waters; 
(d) the preservation of the natural amenities of such waters and 
on the shores and banks thereof; and 
(e) ensuring the suitability of the location and nature of im- 
provements in such waters, including their efficient and 
safe maintenance and operation. 
This Act may provide a means of declaring designated rivers as spawnina 
and rearina grounds for miaqratory fish and to be kept free of dams, 
- also for openina dams during spawning period on important 
trout streams , 
- also restricting timber drivina, 
- also declarina rivers overloaded with works and prohibiting 


further works. 
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be 4s OT interest to note that Ontario Hydro may not be taken to court 
without approval of the Ontario Attorney General at the present time. 


There may be public pressure to alter this situation in the future. 


Federal Government 

Tnere have been considerable chanaes in air pollution control legislation 
during the past two years in Canada, at both the provincial and federal 
levels. With the entry of the Federal Government into the field in 971, 
it is likely that additional changes will take place over the next few 
vears, particularly in those provinces where control activities have been 
at a low level. Untario may see these chanaes in terms of high costs of 
energy resources imported from other provinces. 


The Federal Environmental Minister currently is contemplating two new 


pitts (84) 


(1) Leaislation to provide for loans to industries which are hard- 
pressed to meet federal and provincial air and water anti-pollu- 
tion standards. Preference would be aiven to older plants having 
difficulty obtaining finances through other channels. 

(2) Leaislation to allow the new department (called Environment Canada) 


to screen new processes and products for damaqina effects before 


they reach the market. 


Other Legislation in North America 
There are a myriad of air, water and radiation pollution regulations in 
the United States. Only some of the emerging trends pertaining to energy 


use are discussed here. 
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(a) Environmental Impact Statements °°) are a new inaredient in the U.S. 
They require that any group or agency of the U.S. federal aovernment, pro- 
posing legislation or planning to undertake an action "sianificantly 
affecting the quality of the human environment", must file an impact 
statement. The statements must describe the legislation or action, its 
impact, and the alternatives considered. Before filing, the statements 
must be circulated by that agency to the public and to appropriate Federal, 
State and local environmental acencies. Comments received on the draft 
statement become a part of the public record. The Administrator of EPA 

has the independent responsibility for reviewing and commenting on the 


environmental impact of all proposed Federal activities or legislation. 


Over 20 U.S. federal agencies have established internal procedures for 
preparing impact statements. Some agencies, for the first time, have 


explicitly incorporated environmental considerations into their decisions. 


The system is not yet working as intended. Lack of environmentally-trained 
personnel and the difficulty of changing established decision-making pat- 
terns are still problems. Too often, the environmental statement is 

written to justify decisions already made, rather than to provide a mechan- 
ism for critical review. Consideration of alternatives is often inade- 
quate, and the ultimate alternative i.e. "taking no action at all because 
of the environment" has rarely been considered. There is also the diffi- 


cultv of anv group in engaging in public self-criticism. 


The value and completeness of these statements varies drastically from 
agency to agency. Some have been severely criticized as superficial, in- 


complete, incompetent and misleading. At the other extreme, the U.S. 
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(86) 


Uepartment of the Interior has adopted an elaborate procedure 
calling for consideration of about 10,000 items in completina a 100 
by 100 matrix and assessments must be made for any area, in which there 


is an environmental impact. 


Although the requirement for environmental impact statements, which are 
made public, has its shortcomings, the basic idea is felt to be good. 
Various organizations of the Ontario aovernment now use or advocate this 
concept in one form or another. It is strongly suggested that Ontario 
establish a policy of requiring environmental impact statements to be 
completed and evaluated by all Departments before new programmes are im- 
plemented. The approach adopted, should profit from the initial short- 
comings of the U.S. programme and could be employed by all Ontario govern- 
ment organizations uniformly. It should not be restricted to assessment 
of the impact of energy use, but applied to all activities which affect 


environmental quality. 


(b) Power Plant Siting legislation has also been recently proposed. Under 
tne proposed legislation in the U.S., federal government decision-making 
on siting of power plants (exceeding 300 MW capacity) would be vested in 


(87) In the absence of 


State and/or reqional site certification aaencies 
such an agency, or when it fails to act or resolve local differences, the 
proposed bill would put the final decision in the hands of an ad hoc 3-man 
arbitration nanel, which would have strona siting approval powers, in- 


cluding modifying environmental regulations. 


Nliso included in the proposed leaislation, the utilities would be required 
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to beotrak ae and upgrade, annually, their regional expansion plans 10 years 
in advance of, and the plans for specific sites 5 years prior to, construction. 
These plans should include a site inventory, as well as environmental impact 
statements for each site. Two years before construction is to start, the 
utilities would be required to submit a detailed proposal and an environ- 


mental review for the site. 


The intention of these lona-time intervals between planning and construction 
is to provide plenty of time for the public and other agencies to assess 


the proposed plans and to avoid costly last-minute court fights. 


This proposed legislation has been apparently directed to cure problems 
of a system, that does not exist in Ontario -- the existence of a great 
many privately-owned companies and a few publicly-owned companies, a wide 
variety of state siting legislation, increasing public pressure to have a 
voice in siting and a federal government trying to fill voids, left by 
some states and desiring a uniform national policy. Nevertheless, some 
aspects of this legislation miaht be incorporated in the future planning 


activities of Ontario Hydro. 


Best of all, the legislation provides a forum where interdiscipl inary 
representatives from responsible government agencies, must evaluate their 
parochial departmental interests against the public need, explore the 
alternatives, and arrive at the best informed decision. An initial step 
in this direction has been taken by establishina a Siting Task Force and 


working in close cooperation with other government agencies. 


The experiment of the private utilities in sharing their fact-finding and 


decision-making processes with the public has been met with varying degrees 
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of acceptance. The experience of Northern States Power Company is espec- 
ially encouraging. It serves to show that the public (consumers and con- 
servationists) can work constructively and with an open mind in helping 


the utility in sitina its power plants. 


(c) Power Plant Emission Limits have recently been established by EPA in 


the pg. tee) , All new electrical generating plants with over 250 million 
Btu/hr heat innut will not be allowed to emit pollutants in excess of the 


following; 


Solid Particulate tlatter 0.10 Ibs/million Btu input 
(Dust and Fly-ash) 
Sulfur Dioxide 9.80 (oi1) or 1.2 (coal) 1bs/million 
Btu input 
Oxides of Nitrogen 0.20 (gas) or 0.30 (oi1) or 0.70 (coal) 


Ibs/million Btu 
The existing coal-fired Ontario Hydro plants could not achieve the 50, 
limit without usina coal with a lower sulfur content then is presently 
being used. Limits such as these will not ensure improved air quality in 
the lona-term, because the total imposed pollutant burden will continue 
to increase as additional olants are added. 


Recently, California has adopted a new and more restrictive reaulation 


for the emission of the oxides of nitrogen (89), 


(d) State of California - Rule 68 
"A person snall not discharge into the atmosphere from any non- 
mobile, fuel-burning article, machine, equipment or other contri- 
vance, having a maximum heat input rate of more than 1775 million 


British Thermal Units (Btu) per hour (aross), flue gas havina a 
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concentration of nitrogen oxides, calculated as nitrogen dioxide 


(NO. ) at 3% oxygen, in excess of that shown in the following table." 


Nitrogen Oxides 
Parts per million parts of flue gas 


Effective date 
Fuel 


—_— oe. 


December 31, 1971 December 31, 


Gas 

Liquid or solid 
The 1974 limits will require NOy control measures at least in the form 
of combustion modifications. It seems relatively certain that such mea- 
sures will spread across the U.S. and perhaps into Canada in the next 
decade. The present Hydro plants emit about twice this concentration of 


NOy. 


(e) Sulfur Emission Taxes (90) have also been proposed by the EPA in the 
United States. The charge would be levied on sulfur emitted into the 
atmosphere from combustion or distillation of fossil fuels. To the ex- 
tent that sulfur is removed from fuels, no payment of the charae would 


be required. 


The funds aenerated by this charae would enable the l'!.S. Government to in- 
crease programmes to improve the quality of the environment with special 
emphasis on development of technology to reduce sulfur oxide emissions 

and programmes to develop adequate clean eneray supplies. This measure 

is intended to provide, both the incentive for S0, abatement and the means 


for doing so (FT), 
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This abatement strategy has less appeal in Ontario, because it would largely 
amount to the government (Department of the Environment) taxing itself 

(Ontario Hydro). It is more direct for the government to decide that SO, 
emissions are to be reduced and then do what is necessary to achieve this 


policy. Such a tax, however, might be a strona incentive for the further 


reduction of emission from industrial boilers. 
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Section V 


PROJECTED ENVIRONMENTAL QUALITY - 1991 


(a) AIR QUALITY 

Air quality is not consistent across Ontario; there are large areas 
where air vollution is virtually non-existent, while in other areas with 
large populations and industrial development, it is a serious problem. 

A preliminary evaluation of the future air quality has been made by 


(92), 


Angus Only a brief summary is given here. Consult Reference 92 


for additional details. 


To predict the air quality in 1991, it has been assumed that: 
(1) the present centers of air pollution will continue to be the 
critical areas of air pollution in the future, and 
(2) the Air Management Branch abatement programmes would pre- 


vent other areas approaching poorer air quality. 


Five cities which typify different types of communities in Ontario were 


chosen for study as listed in Table XVI. 


Table XVI 


Population Projections 


City 1971 1991 
Toronto 2ahos led 3,595 ,694 
London 230,704 328,525 
Hamilton 492,651 742 ,586 
Sarnia 74,512 110,470 
Sudbury 130 ,477 191 ,806 
Electric Power Capacity 12,160 MW 48,640 Mw 
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The air-quality criteria are listed below for those pollutants considered 


to give the best indication of overall air quality; 


Criteria for Desirable Air Quality 


Concentration 
Pollutant 1_ Hour Annual Average 
S0, 0.25 ppm | 0.02 ppm 
NOy 0.20 ppm ih 
CO 30 ppm - 
Suspended Particulate - 60 ugm/m? 


Calculated ground-level concentrations of S05» NO, and solid particles, 
downwind from a hypothetical 6000 MW coal-fired plant, are shown in 
Figures 10, 11 and 12. These calculation were made, for an extremely 
larae plant only, to illustrate a severe case which might conceivably 
occur in the future. Calculations were made for 1000 ft. high stacks, 
2.5% sulfur coal and typical weather conditions. Although the pre- 
dicted ambient SO. concentrations (Figurel0) without a removal process, 
exceed the Regulations between 5 and 12 miles, With a 78%, efficient 
S0., removal process (Figure 13) in operation, the ambient-air criteria 
would only be exceeded for a short distance around 6.5 miles from the 


station (compare Fiqures 10 and 13). 


Air-quality problems may arise when such a plant is located in or near 
populated areas, which have other emission sources. There is always the 
desire to locate generation stations near the consumers, to reduce trans- 
mission losses and minimize land used in transmission line rights-of- 


way. Consequently, predictions of 1991 ambient air quality in three 
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different types of regions have been made by adding fossil-fuel plant 
emissions to the projected emissions from other sources. In all cases 


a 75% SO, removal for power stations has been assumed. 


Rural Location 
Figure 14 shows the $0. ground-level concentrations in a typical rural 
area for a hypothetical lake-front plant with 75% 50. removal. The con- 
centrations shown also include those of small farming or rural communities 
and indicate that even large plants can operate within the present Regula- 


tions in isolatedareas if $0, emissions are reduced, by some means, by 75%. 


Locations Near Moderate-size Cities 
Figure 15 depicts the ground-level concentrations for a large hypothetical 
plant on Lake Erie somewhere south of London, Ontario. London is a size- 
able center of population with little industry and the air quality in 1970 
was quite aood. Should a 6000 MW fossil-fuel generating station be con- 
structed south of London on Lake Erie, then hourly concentrations of 50, 
would become marginal with respect to the criteria. The same would be 
true of St. Thomas or other similar small cities. The use of nuclear or 
smaller fossil-fuel plants would not be objecttonable in this type of 
location. However, it must be concluded that large future coal-fired 
station sites should be at least 30 miles from moderate-size cities if the 
Requiations are not to be exceeded. It is particularly important to pro- 
vide such a buffer zone in the vicinity of 

1. Windsor 


2. Sarnia 
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3. Sudbury 
4. Hamilton 


which are areas with existing air quality problems. 


Locations Near Very Large Urban Centers 
The only area in Ontario by 1991 whicn is included in this category is 
the “Golden Horseshoe" reaion, Oshawa to Hamilton and including Toronto. 
The major impact upon the air qualitv in Toronto is made by the Hearn 
and the Lakeview generating stations. The contribution of pollutants 


from various major sources are as shown in Table II. 


Tne generating stations have abatement proarammes in effect now, while 
industrial emissions will be controlled in the future. However, the 
present air quality in Toronto due to SO, and particulates is marginal 
with respect to the Regulations (see Figure 16). Consequently, it is 
believed that the ambient air criteria will not be completely satisfied 
in 1991 with respect to $0, due to the overriding effect of the Lakeview 
aeneratina station, unless extensive $0, abatement is carried out for 


it and/or many other sources in the Toronto area. 


It is quite evident that the Toronto atmosphere cannot take the stress 
of additional emission imposed by expanded fossil-fuel generation capacity 
in the area. Ontario Hydro recognizes this and plans no expansion in 
Toronto. It is aenerally felt that additional fossil-fuel plants in the 
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southern nart of the Toronto Centered Region should be avoided until 


S0, and NO, emission control measures can be applied. 
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Conclusions - 1991 

Et 4 pope ude that the population growth, per se, is not alarming 
from an air pollution standpoint. The ambient=air quality, due solely 
to population will not exceed the Ontario criteria even when population 
density approaches 30,000 per square mile (equivalent to a high-density 
apartment development). However, the imposition of industrial growth, 
together with power-station develonment, will combine to produce concen- 
trations of pollutants in excess of that recommended by Ontario Requila- 
tions, unless abatement is undertaken in future plants. The combination 
of people, industry and power qeneration will produce undesirable air- 
quality levels, and in future, good plannina must ensure that this tvpe 
of situation does not occur. Power-generation facilities, industry and 
dense population must be located so that a minimum of pollutant over- 


lapping occurs. 


Planning for the overall protection of the air quality in Ontario, must 

be given ongoing attention. Co-ordination of urban areas,. industrial 

areas and power plant locations must be thoroughly investigatedand ade- 
quate plannina undertaken. There can be no other conclusion than that 

the future air quality in Ontario depends upon planning which is translated 


into effective action. 


(b) WATER QUALITY 

Because of the complexity of defining the overall quality of the aquatic 

environment, particularly the long-term effects, the OWRC does not attempt 
future projections of the impact of electrical power generation on water 


, aes F 3 I. 
quality. The interactions of many different uses, which are not associated 
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directly with power production, affect water quality such that the Com- 
mission believes that each future power plant should be considered on 


its own merits. 


Some estimates of the heat inputs to the Great Lakes to the year 2000 
have been made by H.G. Acres Limited (6!) There are also some future 
water-quality projections in revorts by the International Joint Com- 


(26) While the long-term effects on a given lake, have yet to 


mission 
be adequately predicted, it is instructive to see the relative amounts 
of waste heat being added to the lakes up to the year 2000. These 
figures are shown on Figure 17 together with the projected boundary of 
the Great Lakes "urban" megalopolis area. The man-made heat inputs to 
Lake Ontar#o and Lake Erie in 2000 is estimated to amount to about 6 
percent of the natural input. These estimates also indicate that Canada 
and the U.S. are presently putting about 50 times the amount of waste 


neat in these lakes as is being put in Lake Superior and by the year 


2000 this ratio will increase to 600 times. 


It is desirable to estimate the effect of this heat addition on the 

water temperature. nered >? and otheceree have calculated the temp- 
erature rise on the lakes by using an overly simplistic model which con- 
siders the lake a completely mixed body of water into which the heat 

will be homogeneously distributed. This could never realistically be 
expected to occur. Instead one can expect the heated effluents to more 
or less maintain their integrity for a period of time and move with the 
wind-drifted currents. These currents are primarily along the shorelines. 


It is in the shallow waters that the principal spawning, nursery and 
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FIGURE 17 
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joo 80 180 
SCALE WH MILES 


QXTENT OF GREAT LAKES ME GALOPOLIS 


Average Man-made Thermal Input in Btu /hour ft* 


Lake Lake Lake Lake Lake 
Year Onterlo Erie Huron Michigan Superior 
1968 0.093 126 0.0077 0.046 0.0021 
1980 0.274 | 
2000 1.26 1.20 0.289 0 52 0.022 


EXTENT OF GREAT LAKES MEGALOPOLIS AND 


AVERAGE THERMAL INPUTS TO LAKES 
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foraging grounds occur for most fishes and many aquatic invertebrates. 
Thus, the near-shore water temperatures determine the fate of most of 
the ecosystems in the lake. Further, these are the areas most effected 


by thermal discharges. 


Local shore-heating effects as shown by the thermal plume of the Picker- 
ing Station, Fiqure 18 (also see Figures 7 and 8) are of the main concern, 
not only with respect to temperature changes by the near-shore currents, 
but also with respect to circulation which can be directly related to the 


temperature chanoes. 


Fach plume could travel alona the shore, and ultimately, with stations 
averaging 10 to 20 mile spacing on Lake Erie or Ontario, may result in an 
almost continuous band of warmed water. The effects of the shoreline 


ecosystems are impossible to predict at this time. 


OWRC has recommended that no further heat be added to the Western Basin 

of Lake Erie. This recognizes that this basin is in ecological difficulty 
and that further stress is undesirable. Any of the Great Lakes could 
eventually approach the state of the Western Basin of Lake Erie. It js 
not possible to estimate the time at which this will occur for any qiven 


lake because it depends on all aspects of man's activity around the lake. 


Water should be recognized as a renewable resource and as with any other 
renewable resource, be managed so that the use of it does not effect a 
significant change. The stress nlaced on the resource should not exceed 
its ability to make up the loss. If the heat is to be thrown away and 
it is not put into the water, then it must go into the air or into some 


other large heat sink. Can the ecosvstems in the atmosphere accommodate 
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heat stress a little more easily? 


Thus, water quality in the future depends not on extrapolation of pre- 
sent trends, but (1) on the ability of regulatory agencies to formulate 
suitable quidelines for water-quality preservation and conservation, 
(2) on the ability of engineers to arrive at innovative solutions to 
well-known problems, and finally (3) on the willinaness of water users 


of all types to incoprorate these solutions. 


(c) LAND QUALITY 

As mentioned in the Backaround Peport’ it is difficult to separate 
"urban" from “rural” problems, varticularly in Southern Ontario. An 
issue which is esnecially relevant is the matter of choices as to lands 
for metropolitan and urban areas, transportation, transmission and com- 
munication corridors, land for airports, farmland, forests, land for 
minerai and aggregates extraction, recreational lands and waters, lands 
and waters for fish and wildlife habitats, special-interest lands and 


lands and waters for energy production. 


Of all the dominant uses, forest lands appear to have the greatest poten- 
tial for multiple-use management programmes, ea. timber production, rec- 
reation, wildlife habitat, erosion control, water production, etc. Farm- 
lands, forests and recreational land where landscape quality and aesthetic 
qualities are a consideration in management, also have an important poten- 


tial in this regard. 
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Northern Ontario 

By 1991 Northern Ontario will maintain its present role as a producer 
of natural resources at a level not far above that which exists at pre- 
sent. The aaricultural industry in the north will ebb still further 

and will be important only as a local supplier of dairy products and 
produce for the arowth centers. The recreation industry will be at a 
higher level in 1991 because of the greatly improved access to the north 


from Southern Ontario and Manitoba and the increases in population. 


Southern Ontario 
For Southern Ontario the maior source of an overview of what can be ex- 
nected is tne publication - “Desian for Development: The Toronto- 


(93) | The Region is both the major economic and fin- 


Centered Reaion 
ancial hub of the Canadian economy and an active contributor to the 
urban complex, which is commonly termed a megalopolis, that reaches from 
Montreal to Windsor and southwest to Chicago. This stratecic location, 


in relation to the vitality of North American growth, is.a major drivina 


force in shapina the Toronto-Centered Reaion. 


Tne population in ae lake-oriented settlement has arown extremely 
rapidly; nearly four million people now live within a radius of 90 miles 
of Toronto. vy the vear 2000, nearly eiaht million people - about two- 
tnirds of all of Ontario's population - probably will make this Reaion 


their home. 


The two-tier s saeenctitnoes of cities alone the entire corridor from 
Hamilton to Oshawa will give the citizens a wide variety of choice of 


urban environment. They can decide to live in small cities, medium-size 
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cities, or in the Metropolitan center. A parkway belt-system within 
the lakeshore urbanized area will separate the two tiers of cities. 
This belt system could incorporate the highly efficient transportation 
facilities, trunk services, electric transmission lines, and other 
services which will be needed to service this system properly in an 


integrated way. 


A substantial number of manufacturing firms and services, and government 
facilities could be located as advantageously to the north and east of 
Toronto as elsewhere. Bv encouraging such location and stimulatina 

these outlyina centers so that they can attract many more residents and 
commuters, we can reduce the increasing congestion within, and now ex- 
tendina mainly westward from Metropolitan Toronto. At the same time, 

we shall be layina the basic framework for a carefully planned decentral- 
ized urban region of the future and reducina air-and water-quality prob- 


lems. 


Rural Ontario 
In rural Ontario in 1991, a areat deal of effort will be expended in 
increasing aesthetic and landscape quality. This is not only by pri- 
vate initiative but also throuah increased programmes by government 
bodies, both on public lands and in co-operation with private landowners 
on private lands. All development, both private and public, will con- 
form to highly developed and soundly based regional land-use plans. 
Roads and energy transmission corridors will have to meet strict envir- 


onmental quality standards. 
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(d) AESTHETIC VALUES 

Qur knowledge and sense of values have chanaed sianificantly and are 
continuing to change. We are beqinnina to realize our dependence upon 
the intricate web of nature, of which we are part. If we are to be con- 
cerned about the quality of life, we must give attention to the quality 


of our man-made environment. 


In the plannino and construction of a power system, environmental pro- 
tection and maximum economy are not entirely compatible. While envir- 
onmental effects cannot be wholly eliminated, they can be minimized by 
care in desian, construction and operation. Aesthetic values should be 


taken into account by careful siting and design. 


With the continuing trend towards very large Speamtareet rte agenerating 
stations combined with the public demand that power stations be located 
outside urban areas, then the increased use of transmission lines is a 
foregone conclusion. On the other hand, a public outcry is beginnina 
about the aesthetic depreciation of the environment caused by larae un- 
sightly transmission towers. Lesser effects include interference with 


the reception of radio and television sianals. 


In addition to the transmission lines associated with power aeneration 
facilities.the erection of cooling towers 500 ft. hiagh and stacks 1000 


ft. hiah will also tend to destroy the aesthetic value of the landscape. 


Loss of enjoyment of recreational facilities due to pollution-caused 
problems cannot be measured in pure financial terms, yet somehow it 


must be considered in the value of life. 
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Summarizing, in past energy developments, too littie attention has been 
paid to their effects upon aesthetics, to the detriment of the quality of 
life. In future, some consideration should be given to these values when 
planning future energy developments, but it may be necessary to trade one 
environmental condition against another. Education of the public in these 
matters and in the consequences of all the alternatives will aid in 


arrivino at the right solutions. 


(e) FUTURE TECHNICAL DEVELOPMENTS 

Other energy sources may come into existence over the next twenty years and 
certainly beyond. The purpose here is to indicate briefly the environ- 
mental imoact of these developments rather than their technical or econ- 
omic feasibility. Additional details of these methods may be obtained 
from a series of papers in Peference 97. All of the proposed methods 
require extensive research and development before their relative useful - 
ness can be determined. The relative exoenditure of money on research 
and development in the U.S. is of some interest and is listed below: 

| $30 million per year on nuclear fusion, 

$420 million per year on nuclear fission, 

less than $1 million per vear on solar energy, 

$20million per year on fuel cells, 

$2 million per year on maanetohydrodynamics, 


and more than $30 million per year on coal gasification. 


Magnetohydrodynamics (MHD) 
MHD power generation relies upon the high-velocity flow of a conductina 


fluid throuah a transverse magnetic field. Either, hot ionized-aases or 
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a liquid metal, can be used with qenerators operatina at temperatures 
of 3500 - 5000°F and they would nroduce electrical power from fossil 
fuels at efficiencies of up to 60%. It is being considered as a topping 


unit on a conventional steam plant. 


Easily ionized substances are added as Seeding material to the combustion 


aases to increase their electrical conductivity. 


With the use of a non-sulfur potassium seed, complete elimination of SO, 
emissions is possible. At 0.9 a-mole K5C03/ka coal, 99% removal of S05 
was obtained in the combustion of a 2.2% sulfur coal. Regeneration of 
the spent seed is accomplished by heating with a Ho tH,0 mixture at 1530°F. 
Tnermal pollution is less in the MHD plant compared with the nuclear 
plant. A first-generation MHD plant with an efficiency of 52% pro- 


duces only 43% of the waste heat of a nuclear Nlant. 


A number of difficult equipment problems have to be solved before MHU 
systems could be escalated to full commerical size. 
(a) The extremely hian reactor temperatures require special heat- 
resistant materials and special heat-exchanaer desian. 
(b) Corrosion problems caused by the seeding material will be 
severe. 
(c) The hinh operating temperatures of the MHD system may create 
larae quantities of NO, in the exhaust aases. 
Jevelopment of MHuU units up to 40 Mi (in Russia) has been pursued in 
several countries. The effort in North America is at a low ebb at the 


present. 
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Fuel Cells 
Fuel cells, in which chemical energy is converted directly into elec- 
tricity, are virtually non-polluting systems for the generation of 
electricity, at efficiencies of 50 - 60% compared to the normal thermal 


generating station efficiencies of 30 - 40%. 


However, before fuel cells can become a major electrical power source, 
a number of critical problems would have to be overcome. 

(1) Because of their small size, their sensitivity, and the large 
maintenance requirements, they do not, at present, lend them- 
selves to the construction of larae-size electrical generating 
units. 

(2) Since the best fuel is hydrogen, the large-scale fuel cell must 
be located with pipeline connections to commercial hydrogen manu- 
facturing facilities. 


(3) To date, fuel cells have not been able to operate trouble-free 


= 


for long periods of time, and their cost is high. 
It is believed that they offer a good future potential for Northern 
Ontario, because they will provide a small impact on the fragile 
ecology of that region and power will be required in widely separ- 


ate regions. 


Breeder Reactors 
The breeder reactor is based on the principle that certain atoms become 
fissionable after they have reacted with neutrons. There are two atoms 
of this type; uranium-238, which on reacting with a neutron becomes 


fissionable plutonium-239 and thorium-232, which becomes fissionable 
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uranium-233. The breeder reaction will make available for use the entire 
world supply of uranium-238 and thorium-232, with an energy equivalent of 


several thousand times that of the initial world supply of fossil fuels. 


Several types of breeders are being developed: (1) using liquid sodium 
as coolant, (2) usina nelium aas at hiah pressure as coolant, and (3) 
using molten salt as coolant. In the first two types the reactor chamber 
will ve hermetically sealed (water and air must ve excluded from the 
chamber containing sodium). Experimental breeders have been in operation 
since 1963 and the first commercial breeder vower plant (1000 megawatt 


capacity) is planned to be in oneration in 1984. 


Current fission reactors and future breeder reactors will produce aporox- 
imately the same types of fission products which will have to be dealt 
vith, however the breeders will contain much aqreater quantities of radio- 
active materials at one time. As a result their development is beina 
opposed by some aroups particularly in the United States. Some of the 
hazards of breeder reactors are listed below: 

(1) Hicher core temperatures result in hiaher probability of 
melt-dovwn of fuel rods with resulting criticality. 

(2) Liquid sodium becomes highly radioactive due to neutron bom- 
oardment. When replacement of sodium is necessary, this repre- 
sents a special disposal vroblem because of the larae volume. 
of contaminated material with hazardous chemical nronerties. 

(3) In the event of rupture of the heat transfer systems, the 


liquid sodium would react exnlosively with the water. 
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(4) Fast breeders will contain large quantities of plutonium which 
has a lower critical mass (13 lbs.) than uranium-235 (20 Ibs.) 
and accidental failure could result in nuclear explosion, al- 


though the chance is remote. 


Fusion Reactors 
Fusion reactions based on the use of Deuterium (D.) may eventually be- 
come a major source of electrical power on a long-term basis because there 
is an almost inexhaustible source of deuterium in sea water. In addition, 
this tvpe of reaction produces only non-polluting and non-radioactive gases, 
with a very smal] amount of disposable wastes along with electrical energy 
conversion efficiencies of 90%. From an environmental standpoint this 
method of generating power is highly desirable because, 

(1) There are no radioactive waste products to process or store. 

(2) There is no danger of nuclear explosion. Anv failure in the 
system containing the plasma will result in immediate quenching 
of the reaction since it cannot occur under ordinary conditions. 

(3) In the event of failure, the total release of radioactive mater- 
ials would be very small. The only radionuclide released would 
be tritium of which there would be only 10 kam in the reactor 
at one time. 

(4) There is the possibility of converting plasma eneray directly 
into electrical energy, thereby eliminating the problem of 
waste heat. 

The chief environmental problem expected to arise from fusion reactors is 


the escape of tritium during operation. The possible extent of this re- 
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lease is not known at present. However, the reactions occur only at 
temperatures of 100 million to 500 million degrees K, temperatures at 
which any mechanical container would be vaporized. The difficult task 
presently under development is to devise maanetic bottles in which to 
contain these reactions. Estimates vary greatly as to the time when 


controlled fusion may be achieved. 


Solar Power 
Lirect conversion of sunliaht is an environmentally ideal power source. 
The possible use of solar energy for the aeneration of electrical power 
has three alternative methods which could be KonbideEean ay. 

(1) Transmission of power, collected in snace by means of a 
satellite system via microwave to a receivina svstem located 
on earth. 

(2) The collection of energy on the surface of the land by solar 
cells or storaae media with its conversion to electrical power. 

(3) The location of a floating power station in warm ocean waters, 
which would be used for power generation. 


It would appear that none of the above methods could be developed com- 


mercially on a large-scale before the next century. 


138 


oY 


is ee 
we 


ma) ; 
nto om ia 


ery o ila ote nee 


i. ably Kpiicvut ¥4 
dees dTuatyttb anit Lpostvoony 


ot tiotiw nt 2ofatod pivangem stv ia 2h anendot 
now omtt ond of en videeND vray essere eniuiiaa 
- bevehiios: apie 


, : a OS 
: mine 7 | 43, ! baht _ oe 
soar? Tewod [sob W fanomn0y tyne ne et dAot inue to Re ae ae 


Tewoq Vestabants to notas-van90 ee wT yerene "6foe to s2u stdte 


(PO) erebtanos + oc bluod Aotriw sboridan avigamatte « oe 261 
ee ed 


6 tO ensam yd soene ni bstosffao , Yaw Yo not eetmensst At 


4 i}, 


badso0! matevz vatvisast s of eveworatm stv maseye att iTetse 

| | S168 oe: 
vstor yd bas! sf? to sostive edd mo ypyene to not3291 109 ody (s) 
v9Weq frotidoele oF notevevnes at thw bbe ameOI 2 VO atiea. : 
ersten Wasoo wis at nolsede vewoo bnldael* o Se nottsz0f ont (fe) 


notie sree Yewod 10? bseu sd biuow ADF rive 
~no> beaefaveb ad bluos sheutteer. yoda sif to snon dads yeengs pfuow. 1 eae 


‘vines 3xon ont e1Oted alede-spts! 6 no vat 


BET 


Section VI 


PROJECTED LONGER RANGE PROBLEMS 


(a) POSSIBLE GLOBAL CLIMATE CHANGES 

In attempting to predict any long-range environmental problems, the lack 
of quantitative and predictive research in this field leads to a large 
amount of uncertainty about future conditions. There are primarily 
three areas, where possible climatic changes could occur, which are being 


discussed and debated at present. 


Carbon Dioxide Build-up 
Carbon dioxide is one of the products of combustion of fossil fuels. 
Over the last few decades the average concentration of C0. in the atmos- 
phere has increased at the rate of 0.2% per var). Estimates of the 


(98 


increase of CO. jn the atmosphere have been made by Machta ) and are 
shown in Figure 19. The steep rise is due to man's steadilv increasing 


use of combustion. 


Carbon dioxide will effectively transmit the ultra-violet radiation from 
the sun but will selectively absorb the longer wavelength radiation from 
the earth. Consequently, as the atmospheric C0. concentration increases, 


the earth will tend to become warmer. 


It has been eeeieteds | that an increase in the carbon dioxide concen- 
tration from 320 to 375 ppm as indicated by Machta's estimates will occur 
by 2000 and wil? warm the surface layer of the earth by about 1°F. While 
this chanae is unlikely to be critical, it is apparent that a continuation 
of CO, production would lead to Jarae increases in the C0, concentration. 


Manabe and wetherald®!2) suggest that a doubling of the concentration of 
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the aas could lead to a 5°F increase in world temperature which “could 
triager other warming mechanisms and possibly lead to irreversible effects." 
The consequences of such an event are so great that it should not be 
dismissed from our planning even though it may be a century or more in 


the future. 


Was te-Heat Production 
The amount of heat input into the environment depends directly upon the 
energy used. Heat will always be produced and as power generation moves 
from fossil fuels to nuclear fuels the quantities will increase. In 
addition, heat is released into the environment from industrial, trans- 
portation, domestic and commercial sources. The 4000 square miles of 
the Los Angeles basin now aenerate in thermal power, the equivalent of 
more than 5 percent of the solar energy absorbed at the ground and this 
amount is expected to rise to 18% by 2000/99) , Individual cities,with 
tneir high level of energy use,have higher downtown temperatures (see 
Table III) and are covered by overhead three-dimensional heat islands, 
which act as chimmeys to expel pollutants (Figure 2). Both the “useful” 
and the "waste" energy eventually finds itself heating the environment 
and one major study concludes that they "see the possibility of climatically 
significant changes on a regional scale in the near future" and that "on 


a local scale, this influence is already very ences oe 


Probably the most significant and far-reaching effects of our continuing 


rate of arowth production will be on a global scale. According to the 


(12) ign 


report of the Study of Man's Impact on Climate "there is a distinct 
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nossibility (according to some, a probability) that a temperature rise 
associated with the anticipated injections of heat and C0, into the 
atmosphere in the next century would result in meitina of Arctic ice”. 
Tne reduction in the earth's surface reflectivity could cause more heat 
to be absorbed with a consequent acceleration of the process. In addi - 
tion there mav be large chanaes in precipitation, wind systems and ocean 
currents. whicn could create deserts in formerly productive areas and 


nave other serious biological and social consequerices. 


Turbidity 
It nas been estimated that between 5 and 45 percent of the particulate 


(101) Nuch of the man- 


matter in the atmosphere is produced by man 
made particulate is directly emitted durina combustion or else is the 
product of gases produced from the industrial and domestic consumotion 
of fuel, the internal combustion engine, the incineration of domestic 
waste and agricultural burning. Other particles are emitted during 
some industrial and minina processes and indirectly from some food pro- 


duction practices, such as oloughina and overarazina of arid or semi- 


arid lands. 


Particulate matter in the atmosphere may cause several dramatic im- 
plications, sucn as scattering of sunlicht, preventina it from reaching 
tne earth's surface, affecting the formation of clouds, snow and rain, 
thus cnanaina tne precipitation and temperature balance of the earth. 
Tie consensus opinion is tnat this will produce a coolina of the earth 


and some claim it will balance the effects mentioned above. 
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Summary 
It is most unfortunate that more information is not available on the long- 
run environmental effects, for policy makers are faced with the problem 
of making decisions under conditions of uncertainty, both with respect 
to the absolute necessity of makina a very major chanae and with respect 
to the time at which this change must be made. However, it is unreal to 
assume that we will be able, some time in the future, to balance alobal 
warming trends (CO, increases waste heat disposal) bv cooling trends 
(increased turbidity) and maintain the earth's natural thermal balance. 
It is not too early to recognize these possibilities and to oromote 
additional work directed toward a better understanding of man's impact 


on the climate. 


(b) PREDICTED CONSEQUENCES OF EXPONENTIAL GROWTH 

Many studies have demonstrated that nearly all of man's activies (pop- 
ulation, power generation, industrial growth, transportation growth, 

food production, use of resources, production of waste products, to name 
a few) grow in an exponential way. This is, they double time and time 
aoain every few vears. This arowth has not created serious problems in 
the past because the limits of the earth's capacity to sustain the growth 
have not yet been reached. However, there is growing concern that certain 
limits are now being approached and we must soon face the reality of 
living in a closed system. It is imoerative to look ahead and trv to 
predict what sort of crises may occur and then try to devise means of 
avoiding them. This is a task fraught with uncertainties arisina from 
lack of knowledge of our complex system and the unpredictable reactions 


of humanity toward chanae. 
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Various arowth predictive models have been devised in the past. Most of 
them have underpredicted what actually occurred because they were based on 
near-linear projections. Quite recently, Forrester at M.I.T. has devised 

a very comprehensive computer model which attempts to account for the inter- 
action of many complex inter-relationships influencing world-wide arowth (12? , 
It is probably the most ambitious attempt at predicting the future under- 
taken to date. | 


Previously Forrester has modelled several other compiex processes and his 


(103) is particularly well-regarded 


computer modellina of urban dynamics 
by urban planners and is currently influencing urban planning. Consequently, 
his new effort in predictina man's future in a much broader sense in World 


(102) 


Dynamics is being widely discussed and debated. His complex computer 


model yields an overall prediction of the course of world events. 


In analyzing the world system, he considers 5 parameters (1) ponulation, 
(2) capital investment, (3) natural resources, (4) capital devoted to 
agriculture and (5) pollution. These parameters are considered as parts 
of "“feed-pack" mechanisms. The influence of 52 separate factors and their 
inter-dependance are taken into account. Only the pollution aspects of 
this model are considered here in any detail. Tne pollution subsvstem is 
snown in Figure 20. Population and capital investment influence nollution 
levels by actina on the rate of pollution generation. The rate of pollu- 
tion generation is assumed to increase linearly with respect to increasina 
pooulation. Increased canital investment increases nollution generation 
tirouch increased nower aeneration, increased nrocessina of raw materials 


increased industrial wastes, increased use of fertilizers and chemicals in 
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aariculture, and by several other factors. 


Tne wavs in which all of the factors, considered, actually influence 


pollution is not known. Consequently, Forrester makes broad assumn- 


tions about these influences which are currently beina questioned, de- 


bated and investigated. For examnle, he assumed qraphic relationships 


from which the following observations are drawn, 


(1) 


(2) 


Pollution-aeneration rate is considered to increase 8 fold 
when capital investment increases5 fold. 

Food production, decreases to 50% of the oresent level if 
pollution increases 25 times the present level. 

Ueath rate increases to 10 times the present rate if pol lu- 
tion increases 60 times the nresent level. 

Birth rate decreases to 50% of the present rate if pollution 


increases 25 times the present level. 


fll of these assumptions may be immediately questioned. He bases them 


on observations of the general trends. Consequently, the-levels and 


time estimates predicted by Forrester are orobably not accurate. Ait 


this time, one should only consider the main thrust of his work, and 


tne trends his model pvredicts rather than be concerned about what pvar- 


ticular decade a certain trend may develon. 


“any important mineral resources are rapidly aporoachina denletion. 


Table XVII aives the numbers of vears for which the known reserves WIT] 


last at tne 1970 usage rate and at the continued exponential rise in 


usade rate 


(40 ) 
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TABLE XVII 
Depletion Times for Mineral Resources 


Time to Deplete Time to Denlete Reserve 
Reserve at 1970 if 2.5% Increase in 

Metal Rate of Usage (Years) Usage Rate Continues _ 

Mercury 14 13 

Lead 18 15 

Platinum Ag 16 

Gold 19 16 

Zinc 20 17 

Silver 23 18 

Tin 25 19 

Copper | 40 28 

Tungs ten 45 3] 

Molybdenum 100 5] 

Nickel 130 59 

Aluminium 160 65 

Cobalt 160 65 

Manganese 160 65 

Iron 400 98 

Chromium 560 110 


According to Forrester's model, when our present-day system is projected 
into the future without any changes, depletion of natural resources is 
found to be the arowth-limiting factor (see Fiqure 21). Population 
reaches a maximum and declines slowly in the next century. Pollution 
increases to several times its present level but does not limit growth. 
Table XVII suqaests that we may indeed be on the path depicted in 


Figure 21. 
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FIGURE 21 


World system projected into the future under present conditions. 
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If technology finds ways to reduce the usage rate of natural resources 
through the wider use of plastics or by recycling, the computer model 
predicts that pollution emerges as the limiting factor (Figure 22). In 
this case, however, the turning point is followed by catastrophic decline 


in population in the next century. 


In a similar way a number of other strategies for the future, are often 
discussed, 

(a) continued economic growth ( increased capital investment) 

(b) reducing the birth rate 

(c) technological solution to pollution problems 

(d) increased global food production 
all give rise to a "pollution crisis" similar to that depicted in 


Figure 22 in the next century. 


It is interesting to note, that attemotina to solve the pollution crisis 
shown in Figure 22 by application of technology to reduce pollution qen- 
eration, still produced a pollution crisis but at a acer date. In this 
case, increased industrial growth ultimately outpaced pollution control. 


As a result more people suffered the ultimate consequence. 


All of the catastrophic changes predicted by Forrester's model result 
from rapid pollution increases at some point in time. The assumption 
made about the influence of pollution may unrealistically weight this 
factor too stronaly. Considerably more thought and research of his as- 
Sumptions and the formulation of more accurate ones is clearly warranted. 


Cecause his present calculations illustrate that pollution is a powerful 
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FIGURE 22 Pollution crisis results when natural resource 
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triagerina influence, the pollution subsystem in his model deserves 
immediate attention. Moreover, prevention of a pollution crisis in- 
volves control of many factors besides those directly related to the 


environment. 


Only when an unrealistic model, in which it was assumed that natural 
resources are infinite and pollution does not exist, did over population 


emerge as the growth-limiting factor. 


Forrester has also employed his computer model to suqgest strategies 
for avoidina the fates shown in Fiqures 21 and 22. To date 105) he 
has been able to produce a kind of steady-state system only by making 
relatively drastic changes in his input startino in the year 1970. The 
changes needed were: 

(a) natural resource usage rate reduced 75% 

(b) pollution generation rate reduced 50% 

(c) capital investment reduced 40%. 
These chanaes resulted in a decreased food auet tabi eand a decreased 
birth rate, thereby inducing stability throuah hardshiv. They result in 
a type of "zero-arowth" society shown in Figure 23. The concept of zero 
arowth has also been described in detail in another study conducted for 


the Advisory Committee for Energy ne 


Obviously the changes described above would be difficult to institute and 
in fact, since they represent imposed hardships, they may not be justi- 
fiable. The growth-oriented business world would resist even relatively 
ARGS reductions in capital investment and resource usage, let alone the 


staggering values required by Forrester's computer model. 
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75%, pollution generation rate 50%, 
40% in 1970. 
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It is not possible to single out the imnact of the electrical power 
generation industry on this long-range and broad-based analysis, but 

it has a strona impact on future growth. The consumption of energy 
resources is not likely to be an ultimate limiting factor for arowth, 
because of the essentially unlimited supnly of eneray available from 
nuclear sources. There is evidence that there may be a period of energy 
shortage in the next two decades during the conversion from fossil fuels 
to atomic sources. However, the shortage wil] be alleviated if breeder 


reactors come into successful operation in 1985 as expected. 


The crisis predicted by Forrester, which will result from continued ex- 
ponential growth, can be avoided only by arriving at a steady state in 
the world system. Three basic actions will be required to move toward 
a steady state: 

(1) Reduce usage rate of natural resources 

(2) Reduce and redirect capital investment 

(3) Decrease birth rate. 
Many difficulties can be anticipated in changina from a policy of growth 


to one of steady-state. 


However, the first two actions may be controlled by controlling the avail- 
ability of electrical power, if or when it becomes evident that we must 


proceed in this direction. 
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